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1
CLINICAL DIAGNOSTIC SYSTEM
INCLUDING INSTRUMENT AND
CARTRIDGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a national stage application of International Appli-
cation No. PCT/US2013/041252, filed internationally on
May 15, 2013, which claims priority to U.S. Provisional
Patent Application No. 61/647,272, filed May 15, 2012,
which is herein incorporated by reference in its entirety. Inter-
national PCT Application No. PCT/US2013/041252 is a con-
tinuation-in-part of each of International PCT Application
No. PCT/US2012/067041, filed Nov. 29, 2012; and U.S.
patent application Ser. Nos. 13/844,450 and 13/844,527, both
filed Mar. 15, 2013; each of which is herein incorporated by
reference in its entirety.

BACKGROUND

In the healthcare industry, diagnostic testing is essential for
properly diagnosing medical issues. Accuracy and precision
are necessary to provide proper diagnoses. In order to provide
convenience, diagnostic systems have been created to analyze
samples in laboratories, clinics, hospitals, physicians offices,
etc. with accuracy and precision.

Providing clinical point-of-care diagnostic systems, as
well as other diagnostic systems also requires ease of use and
fail safe mechanisms in order to decrease the frequency and
intensity of user errors, which may lead to inaccurate diag-
noses.

Furthermore, the size and scale of the diagnostic systems is
also important. In order to be able to use diagnostic systems in
certain settings, compactness may also be needed. To this end,
the system may include an instrument and separate cartridges,
which can be used to provide samples to the instrument in the
diagnostic systems. The cartridges may also be designed to
assist in the compactness of the instrument.

Additionally, the cartridges used to provide samples to the
diagnostic systems may also be designed to require less bio-
logical sample for testing, as well as be designed with ease of
use and with fail safe mechanisms to further assist in the
accuracy of diagnoses.

SUMMARY

Diagnostic systems with associated diagnostic instruments
and cartridges are disclosed herein, which can provide accu-
racy and precision, ease of use with fail safe mechanism, and
compactness of scale. As disclosed herein, embodiments of
diagnostic systems may include clinical diagnostic systems
that can be configured to accept samples via cartridges, pro-
cess samples within the cartridges and instruments, conduct
tests on the samples while the sample remain within the
cartridges, and provide diagnostic results.

Also disclosed herein, embodiments of cartridges may
include self-contained sample accepting reservoirs, and self-
contained testing reagents for analyzing samples and detect-
ing certain information. Additionally, the diagnostic instru-
ment contains all of the components necessary to run a
diagnostic test with the cartridge. The cartridge is configured
to store dry and liquid reagents together without the need for
separate packaging. The diagnostic system is also designed to
collect substantially all waste materials from the diagnostic
test, including processed regents and biological samples,
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within the cartridge for proper waste disposal. In this way, the
self-contained diagnostic system can be very convenient for
POC clinical settings.

Furthermore, as disclosed herein, embodiments of diag-
nostic systems may include electrochemiluminescence
(ECL) detectors to accurately and precisely analyze samples
provided via cartridges. The use of ECL technology as a
platform for diagnostic tests, such as assays, can provide the
desired sensitivity and specificity of results.

Also disclosed herein, diagnostic systems may be config-
ured to require little to no end-user maintenance for over at
least ten years from manufacture. Decreased need for main-
tenance can reduce overall costs. Additionally, the diagnostic
system provides automated operation, meaning that with
minimal input from a user, the diagnostic system can run a
diagnostic test to completion on its own. Automated opera-
tion can be beneficial due to the increased reliability, decrease
incidence of human error and lower costs for multiple tests or
processing steps.

Furthermore, diagnostic systems disclosed herein may be
configured to include features that are U.S. Food and Drug
Administration (FDA) approved and can be designed to
qualify for and obtain a Clinical Laboratory Improvement
Amendments (CLIA)-waived categorization.

In embodiments disclosed herein, a diagnostic system is
provided having a cartridge comprising at least one needle; at
least one reservoir; at least one fluidic seal; and at least one
fluidic channel of a fluidic pathway, wherein the cartridge is
configured to store at least one reagent and at least one waste
material on the cartridge. The diagnostic system is provided
also having a diagnostic instrument comprising the fluidic
pathway; an electrochemiluminescence (ECL) detection sys-
tem; and a pump, wherein the fluidic pathway begins and ends
in the cartridge and has a substantially single direction of flow
in a pathway fluidically connecting the diagnostic instrument
and the cartridge.

In embodiments disclosed herein, a cartridge is provided
having a body and a cover, wherein the body and the cover
mate together; a sample collection tube mount to secure a
sample collection tube to the cartridge, wherein the sample
collection tube mount includes the at least one needle to
engage the sample collection tube and form a fluidic connec-
tion between the cartridge and the sample collection tube; a
filtration module in fluidic communication with the sample
collection tube mount; a sample cache in fluidic communica-
tion with the filtration module; at least one reagent handling
station formed from the body; a multi-layer fluidic seal to
establish a liquid and air-tight seal of the at least one reagent
handling station and to establish a fluidic connection with at
least one probe of the diagnostic instrument in the diagnostic
system; the at least one fluidic channel formed from the body
and sealed by a bottom seal, wherein the bottom seal defines
in part the volume of the fluidic channels.

In embodiments disclosed herein, a diagnostic instrument
is provided having a non-ECL detection system; a first probe
fluidically connected to the non-ECL detection system by the
fluidic pathway; the ECL detection system fluidically con-
nected to the non-ECL detection system by the fluidic path-
way; the pump fluidically connected to the ECL detection
system by the fluidic pathway and fluidically connected to a
waste probe by the fluidic pathway; and a motion assembly
having two axes mechanically connected to the first probe and
waste probe.

In example embodiments, a method of performing a diag-
nostic test, which can include the steps of introducing a
sample into a cartridge; introducing the cartridge into a diag-
nostic instrument; mixing the sample with at least one reagent
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to form a detectable complex, wherein the at least one reagent
is stored on the cartridge; analyzing the detectable complex
with an electrochemiluminescence (ECL) detection appara-
tus in the diagnostic instrument; providing detection results
through a user interface on the diagnostic instrument. The
method of performing a diagnostic test can also include incu-
bating the sample-reagent mixture within the cartridge with
an incubator in the diagnostic instrument and washing the
sample-reagent mixture to obtain a detectable complex.

This summary of the embodiments does not necessarily
describe all features or necessary features of the embodi-
ments. The embodiments may also reside in a sub-combina-
tion of the described features.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying tables and figures are incorporated in,
and constitute a part of this specification. For the purpose of
illustrating the subject matter, there are depicted in the draw-
ings certain embodiments of the subject matter. However, the
present disclosure is not limited to the precise arrangements
and instrumentalities of embodiments depicted in the draw-
ings.

FIG. 1A is an illustration of an example diagnostic system;

FIG. 1B is an overview illustration of an example method
by which diagnostic system operates to perform a diagnostic
test;

FIG. 2 is an overview illustration of an example method by
which a biological sample is collected and an diagnostic test
selected;

FIG. 3 is an overview illustration of an example method by
which a sample is introduced into a cartridge;

FIG. 4 is an overview illustration of an example method by
which a biological sample is processed in a diagnostic sys-
tem;

FIG. 5A is an illustration of a perspective view of an
example diagnostic system;

FIG. 5B is an overview illustration of an example closed
fluidic path between a diagnostic instrument and a cartridge;

FIG. 6 is an illustration of an exploded view of an example
filtration module used to filter a biological sample;

FIG. 7 is an illustration of an example of an aliquoted
biological sample within a cartridge of a diagnostic system;

FIG. 8A is an illustration of an example cartridge posi-
tioned on an incubator within a diagnostic instrument of a
diagnostic system;

FIG. 8B is an illustration of example components used in
mixing and washing the sample with reagents within a car-
tridge;

FIG. 9 is an illustration of an example magnet holding a
detectable complex in place within a cartridge during a wash-
ing step;

FIG. 10 is an illustration of an example detection appara-
tus;

FIG. 11 is an overview illustration of an example method
by which a processed biological sample is discarded in a
diagnostic system;

FIG. 12 is an illustration of an example fluidic pathway
within a diagnostic system having a substantially single
direction of flow;

FIG. 13 is an overview illustration of an example method
by which a diagnostic system outputs results from a diagnos-
tic test;

FIG. 14A is an illustration of an exploded perspective view
of'an example body and a cover of a cartridge;

FIG. 14B is an illustration of an exploded perspective view
of an example cartridge;
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FIG. 15A is an illustration of a perspective view of an
example of the front and back of a cartridge cover;

FIG. 15B is an illustration of a perspective view of an
example of a portion of a cartridge cover;

FIG. 16A is an illustration of a cross-section of an example
sample receptacle mount in an example cartridge;

FIG.16B is anillustration of a perspective view of a portion
of'an example sample receptacle mount;

FIG. 17 is an illustration of a cross-section of an exploded
view of an example filtration module and a cartridge;

FIG. 18 is anillustration of an exploded perspective view of
an example cartridge;

FIG. 19A is an illustration of an exploded perspective view
of an example cartridge with multiple reagent handling sta-
tions (RHS) and a top seal;

FIG. 19B is an illustration of a top perspective view of a
portion of an example cartridge depicting a single RHS;

FIG. 20A is an illustration of an exploded perspective view
of'an example septum seal and cartridge;

FIG. 20B is an illustration of an exploded perspective view
of'an example septum seal;

FIG. 21A is an illustration of an perspective view of an
example bottom seal on the bottom of a cartridge;

FIG. 21B is an illustration of an exploded perspective view
of'an example of the bottom of a cartridge with a bottom seal;

FIG. 22 is an illustration of an bottom view of an example
cartridge depicting fluidic channels of a cartridge;

FIG. 23 is an illustration showing an example of sample
aliquoted within fluidic channels of a cartridge;

FIG. 24A is an illustration of an example of multiple fluidic
channels of a cartridge;

FIG. 24B is an illustration of an example of a single fluidic
channel of a cartridge;

FIG. 24C is an illustration of dimensions of an example of
a wash channel and a bead capture zone of an example car-
tridge;

FIG. 25 is a graphical representation of an example of the
location of a sample during processing steps of a diagnostic
system,

FIG. 26A is an illustration of an example mechanical out-
line of a sensor;

FIG. 26B is an illustration of a cross-section of an example
fluidic channel used in a diagnostic system;

FIG. 27 is a schematic drawing of an example motion
assembly used in a diagnostic system;

FIG. 28 is an illustration of a perspective view of a cross-
section of an example optical sensor in relation to a sectioned
view of a cartridge;

FIG. 29 is a graphical representation of an example of a
moving liquid slug detected by a sensor;

FIG. 30A is a schematic drawing illustrating an example
sequence to detect leaks in a fluidics system;

FIG. 30B is a schematic drawing illustrating an example of
a when a sample has reached a sensor;

FIG. 30C is a schematic drawing illustrating an example of
when a sample has passed a sensor;

FIG. 31 is an illustration of an example of a mechanism for
capturing beads in a sample;

FIG. 32 is an illustration of example vented and unvented
diagnostic device;

FIG. 33 A is an illustration of an exploded perspective view
of'an example cartridge packaging including a desiccant; and

FIG. 33B is an illustration of a bottom view of an example
cartridge highlighting a path from the atmosphere to a region
on the cartridge.

FIG. 34 is an overview illustration of an example closed
fluidic path between a diagnostic instrument and a cartridge;
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FIG. 35 is an illustration showing a cross-section of an
example closed fluidic path between a diagnostic instrument
and a cartridge;

FIG. 36 is an illustration of an perspective view of example
components of an example incubation apparatus;

FIG. 37 is an illustration depicting example components
and feedback control loops of a multi-zone incubation sys-
tem;

FIG. 38A is a an illustration of an example non-ECL detec-
tion apparatus in a diagnostic system;

FIG. 38B is an illustration of a cross-section view of an
example internal standard (IS) module;

FIG. 38C is an illustration of an exploded perspective view
of example components of an IS module;

FIG. 38D is an illustration of an exploded perspective view
of example internal components of an IS module;

FIG. 38E is an illustration of an example of the transmis-
sion and reflection of a light source within an IS module;

FIG. 39A is an illustration of a cross-section of an example
ECL detection apparatus of a diagnostic system;

FIG. 39B is an illustration of an exploded view of an
example ECL detection apparatus;

FIGS. 39C-39E are illustrations of cross-sections of
example ECL detection modules;

FIG. 39F is an illustration of an example gasket having an
elongated cutout;

FIG. 40 is an illustration of an example pump of a diag-
nostic system;

FIG. 41A is an illustration of an example pump of a diag-
nostic system;

FIG. 41B is an illustration of a cross-section of the pump of
FIG. 41A;

FIG.41C s an illustration of a series of cross-section views
of example fluidic communications of a pump;

FIG. 42 is an illustration of an example mechanism depict-
ing backlash;

FIG. 43A is a graphical representation of an example of
varying piston positions and resulting pressures of a pump
system,

FIG. 43B is a graphical representation of an example of the
second derivative of the pressure signal in FIG. 43A;

FIG. 44 is an illustration of example external and internal
scanners of a diagnostic system;

FIG. 45 is a flow chart for an example startup sequence;

FIG. 46 A is a flow chart for an example instrument-driven
work flow;

FIG. 468 is a flow chart for an example laboratory infor-
mation system (LIS)-driven work flow;

FIG. 47 is a graphical representation of an example of
temperature monitored for two cartridges in Example 3 and 4;

FIG. 48 is a graphical representation illustrating an
example of the difference in the incubation quality with and
without applying different incubation set points in Example
3; and

FIG. 49 is a graphical representation illustrating an
example of differences in incubation quality in Example 4.

DETAILED DESCRIPTION

The following detailed description refers to the accompa-
nying drawings. The same reference numbers in different
drawings may identify the same or similar elements. Also, the
following detailed description describes embodiments of the
invention and is not intended to limit the invention. Instead,
the scope of the invention is defined by the appended claims
and equivalents.
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The section headings used herein are for organizational
purposes only and are not to be construed as limiting the
subject matter described in any way.

Overview

Provided herein is a clinical diagnostic system that
includes a cartridge and an instrument. The diagnostic system
can provide accuracy and precision of test results, ease of
system use, including fail safe mechanism, and compactness
in terms of scale. By providing a robust system that utilizes
ECL technology with an efficient and accurate instrument and
cartridge, users of the diagnostic system can be assured pre-
cise results with very little training or set up.

In embodiments disclosed herein, a clinical diagnostic sys-
tem can provide rapid, real-time test results for a variety of
clinically important analytes. Example clinical diagnostic
system embodiments can perform immunoassays using ECL-
based detection technology with assays available in dispos-
able cartridges, which may contain all the reagents required to
perform a test.

DEFINITIONS

The following are definitions of terms related to a diagnos-
tic system in general.

The term “assay construction” as used herein is intended to
include a step by step process of conducting an assay whether
manual or automated. Assay construction typically involves
laboratory operations such as pipetting, dispensing, metering,
washing, free-bound separations, dialyzing, filtering, collect-
ing, fractionating, diluting, mixing, incubating, and the like.

The term “assay composition” as used herein is intended to
include a complete set or subset of the necessary reagents or
substances useful for an assay when combined. An assay
composition may be the initial composition prior to assay
construction, the composition immediately after initiating
assay construction, the final mixture after assay construction,
orthe composition at any intermediate step of assay construc-
tion.

The term “bead(s)” as used herein is intended to include
microscopic particles, such superparamagnetic particles,
magnetic microparticles, and magnetic nanoparticles. A bead
may typically be spherical, though the shape is not limited to
that of a sphere and may include other shapes like spheroid,
irregular particles, cubes, irregular cubes, and disks. The size
range may cover from 1 nanometer to 10 microns in diameter.

The term “boost” as used herein is intended to include an
initial application of temperature for a certain time and at a
certain location on an incubator that can be used to heat up the
cartridge.

Theterm “closed loop control” as used herein is intended to
include a control module with one or more sensors to modu-
late a diagnostic system response. For example, a temperature
control module portion of example diagnostic systems, such
astheone discussed in FIG. 37, is an example of a closed loop
control. A temperature sensor may be provided to send a
feedback signal to a temperature control module to modulate
the temperature of the example diagnostic systems.

The term “open loop control” is contrast with “closed loop
control” and “open loop control” includes modules that do
not provide a feedback signal to modulate a system response.

The term “conventional heating time” as used herein is
intended to include a time that is proportional to the differ-
ence in temperature between the target temperature and start-
ing cartridge temperature.
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The term “dead volume” as used herein is intended to
include a volume of a liquid trapped within a designated
compartment, such as a sample receptacle or a reservoir,
which is unrecoverable. It is advantageous to reduce the
amount of dead volume when working with limited amounts
of liquids to avoid waste.

The term “fluidic communication” as used herein is
intended to include fluidic elements that are in fluidic com-
munication if connected a channel, passageway, pathway,
conduit, flow path or other fluidic element. Further, fluidic
elements are in fluidic communication if connectable or
transferable by a pipette or other transferrable means for
example. Further, fluidic communication includes adjacent or
nearby fluidic elements which liquid may be dispensed or
transferred by pipette between or from one to the other. For
example any two wells of a 96 well microtiter plate are in
fluidic communication.

The term “fluidic element” as used herein is intended to
include a structure to hold, carry, or allow transport of a fluid.
A fluidic element includes a pipe, channel, well, reservoir,
conduit, valve, vent, flow path, disperser, pipette, funnel,
filter, and passageway.

The term “fluorescence” as used herein is intended to
include any emission of electromagnetic radiation, including
ultraviolet or visible light, stimulated in a substance by the
absorption of incident radiation and persisting only as long as
the stimulating radiation is continued.

The term “fluorophore” as used herein is intended to
include a substance that is fluorescent.

The term “fluorescent label” as used herein is intended to
include a fluorophore used in the detection or measurement of
fluorescence. A substance which is fluorescent yet detected
by another detection method, such as ECL, is not a fluorescent
label. A fluorescent label is only operative when measuring
fluorescence. Fluorescent beads are the same as fluorescent
labeled beads.

The term “point of care” as used herein is intended to
include places or people that include laboratories, clinics,
hospitals, physicians’ offices, etc., as well as, health care
providers, clinicians, or others who may deliver healthcare
products and services to patients at the time of care.

The term “precise” as used herein is intended to include
situations when reproducibility and repeatability of a charac-
teristic may occur. The term “highly precise” as used herein is
intended to include situations when a characteristic variation
is small over many observations of the characteristic.

The term “processed” as used herein is intended to include
materials that may have been altered from their original or
unused state (in relation to a diagnostic system), such as, for
example, combined or mixed with other materials, reagents,
samples or a combination thereof.

The term “standardized quantity” as used herein is
intended to include a known amount of a substance, where the
amount might be mass, concentration, volume, number, or
other physical quantity. The known amount may have been
determined or traceable to a reference method, golden stan-
dard, National Institute of Standards and Technology (NIST)
traceable standard or other. A known amount of a substance
may also be determined by comparing an analytical result to
a calibrator.

The term “starting temperature” as used herein is intended
to include an initial temperature of the bottom of a cartridge
the instant the cartridge is inserted into a diagnostic instru-
ment.

Diagnostic System Overview

A diagnostic system can perform diagnostic tests in a con-

venient and efficient manner. Embodiments of a diagnostic
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system described herein can include a diagnostic instrument
that is portable and contains all the necessary mechanical and
electronic components to operate with minimal end-user
input. Embodiments of a diagnostic instrument can be used
with a cartridge that can store and carry all necessary reagents
and materials for a particular diagnostic test to be run on the
diagnostic instrument. Embodiments of a cartridge can be
compact, self-contained and disposable, and can maintain the
portable convenience of the diagnostic system. Each of the
cartridge and diagnostic instrument will be described in fur-
ther detail below.

In operation, a sample (also referred to as “biological
sample”) collected from a patient can be introduced into the
cartridge. The cartridge can be introduced into the diagnostic
instrument where the sample can be processed within the
cartridge in cooperation with the components of the diagnos-
tic instrument. Analysis can be completed and waste materi-
als can be collected in the cartridge for disposal. Results can
be provided to the user through an interface, such as a display
screen.

The diagnostic systems described herein can provide the
high precision and accuracy of results that can be obtained in
a central laboratory, but with the convenience of performing
the tests and receiving the results in a clinical point of care
setting. With such a diagnostic system, health care providers
can access clinically actionable and relevant results to discuss
with patients and develop appropriate treatment options at the
time and point of care. The portability of the diagnostic sys-
tem provides flexibility in reaching patients and providing
care in alternative locations other than a traditional physi-
cian’s office or hospital setting, or a laboratory setting.

FIG. 1A is an illustration of an example diagnostic system.
Various embodiments as described herein contemplate diag-
nostic systems that incorporate a diagnostic instrument 112
and a cartridge 114 to process diagnostic tests and to produce
precise and accurate results in a clinical point of care setting.
For example, FIG. 1B illustrates an example method 100 by
which a diagnostic system may operate to perform a diagnos-
tic test. Each step presented in method 100 can include addi-
tional or fewer methods and steps and sub-steps than those
listed below.

Method 100 can include collecting a biological sample and
selecting a diagnostic test in step 200.

FIG. 2 illustrates the example method of step 200 (herein-
after “method 200”) by which a biological sample is collected
and a diagnostic test selected. FIG. 2 is an overview illustra-
tion of an example method 200 by which an example diag-
nostic system 100 may be used. As illustrated in FIG. 2,
method 200 may include the step of collecting a biological
sample 210. Example procedures for collecting a biological
sample 210 may include any method available for gathering
biological samples, such as venipuncture, cannulation, etc.
The biological samples may be gathered into a vial, recep-
tacle or tube, for example.

The step of collecting a biological sample 210 can also
include verifying sample-patient identification. Verification
can be confirmed by comparing sample identification with
patient identification. For example, identification can be per-
formed by comparing a label placed on a collection tube with
a patient identification card or wrist band.

Method 200 can include collecting a biological sample in a
standard receptacle using standard collection methods in step
210.

Method 200 can also include verifying sample collected
with patient identification in step 220. Verification can be
confirmed by comparing labels placed on the receptacle, such
as a standard sample receptacle, containing information from
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the patient against a patient identification card or wrist band
for example. Visual inspection by the user can be used to
confirm identification. Optical machine-readable labels are
often used to store such information on labels or ID cards.
Information about the cartridge 114 and the test protocol to be
applied (enabling the same diagnostic instrument to be able to
process different types of cartridges) could be encoded on the
barcode 118 along with the unique identifier for the specific
cartridge, such as Lot Number and a Serial Number. The
information can be scanned or read by a machine using
known standard methods. Examples of optical machine-read-
able labels include standard UPC bar codes or Quick
Response Codes (QR codes).

Method 200 can also include selecting the diagnostic or
diagnostic test and verifying it is the correct test for the
presently collected biological sample in step 230. As previ-
ously described, a cartridge 114 used in the diagnostic system
110 can contain all necessary reagents and materials for a
particular diagnostic test. Each cartridge 114 can be labeled
based on the diagnostic test contents contained within for
proper identification. Here again visual inspection by the user
or optical machine-readable labels can be used to verify the
contents of cartridge for use with the biological sample col-
lected. After verification, the sample can be introduced into
the cartridge as described in step 300 of method 100.

Method 100 can include introducing a sample into a car-
tridge in step 300. FIG. 3 is an overview illustration of an
example method of step 300 (hereinafter “method 300") by
which a sample is introduced into a cartridge.

Method 300 can include verifying that the diagnostic test
selected is properly coupled with the biological sample col-
lected in step 310. For example, visual inspection by the user
or optical machine-readable labels can also be used to verify
that the cartridge with the appropriate designated diagnostic
test is selected.

Method 300 can also include, after verification, the recep-
tacle containing the sample can be introduced into the car-
tridge in step 320. Example procedures for introducing a
sample into a cartridge 300 may include any method available
for introducing a sample into a cartridge 114, such as insert-
ing a blood vial into a preconfigured area of a cartridge 114.
The cartridge can then be introduced into the diagnostic
instrument for processing of the sample in the diagnostic
system in step 400 of method 100.

Method 100 can include introducing a cartridge into a
diagnostic instrument and processing a sample within the
cartridge in step 400. FIG. 4 is an overview illustration of an
example method of step 400 (hereinafter “method 400") by
which a biological sample is processed in a diagnostic sys-
tem.

Method 400 can include introducing a cartridge into the
diagnostic instrument in step 402. Example procedures for
introducing a cartridge 114 into a diagnostic instrument 112
may include any method available for introducing a cartridge
114 into a diagnostic instrument 112, such as inserting a
cartridge 114 into a preconfigured area of a diagnostic instru-
ment 112. In embodiments discussed further below, the intro-
ducing a cartridge into diagnostic instrument 112 may be
provided as illustrated in FIG. 1A, wherein cartridge 114 is
configured to fit within a preconfigured section of instrument
112. For example, as illustrated in FIG. 1A, cartridge 114 may
be inserted into slot 113 in instrument 112 of system 110. The
cartridge 114 is shown as holding a standard receptacle 116,
such as a blood collection tube, containing the sample. The
cartridge 114 may also include an optical machine-readable
label 118, such as a bar code, to assist in step 220. It is
contemplated that the diagnostic instrument 112 and the car-
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tridge 114 can be configured into various sizes and shapes
depending on the overall design and model of the diagnostic
system.

For example, FIG. 5A, illustrates an embodiment of a
diagnostic system 110 depicted as having a diagnostic instru-
ment 112 and a cartridge 114. The diagnostic instrument 112
may include a user interface 122 in the form of a display
screen for input and output of information and operation of
the diagnostic system 110. It is contemplated that other user
interfaces can be used for data input/output exchange with the
diagnostic instrument 112. An external scanner 120 is also
shown on the diagnostic instrument 112. The external scanner
120 can be used to read one or more of the optical machine-
readable labels 118 previously discussed regarding step 220.
The information gathered from the test scanner 120 can be
stored and processed by the diagnostic instrument 112 for
output with the diagnostic test results.

The cartridge 114 can be partially inserted into the diag-
nostic instrument 112 to allow for easier insertion and
removal. The cartridge 114 may hold areceptacle 116, such as
a blood collection tube, which may include an optical
machine-readable label 118 on its surface.

Method 400 can also include filtering the biological
sample. For example, filtering the sample may include sepa-
rating plasma from a whole blood sample in step 404. In many
diagnostic tests, it is preferred or necessary to use a particular
form of a biological sample, such as using plasma instead of
wholeblood. It is contemplated that samples can be processed
in numerous ways to achieve the desired form of the sample,
for example, filtering the biological sample can be a useful
method of obtaining the desired form of the sample. In par-
ticular, various embodiments of the diagnostic system 110
contemplate that a specialized filtration module can be used
to separate plasma from a whole blood sample. Examples of
suitable filtration modules and methods of filtration are
described in co-pending International PCT Application No.
PCT/US2012/067041 (hereinafter referred to as the “’041
PCT application”), herein incorporated by reference in its
entirety.

FIG. 6 illustrates an exploded view of an example multi-
layered filtration module 330 that can be used to filter a
biological sample. The filtration module 330 can utilize tan-
gential flow filtration. Tangential flow filtration is advanta-
geous for filtering liquids, such as blood, which contain a high
proportion of small size particles. With sufficiently high wall
shear, tangential flow can have high efficiency. Tangential
flow filtration can also avoid the use of high surface area filter
elements common with dead stop filtration.

It is contemplated that the filtration module 330 can be
configured to have more than or less than the number of layers
shown in FIG. 6, depending on the targeted filtrate, the design
and configuration of the cartridge 114 and/or the diagnostic
system 110. It is further contemplated that the shape of the
filtration module 330 can be adapted to fit the design of the
cartridge 114 within which it is situated.

Some embodiments of the diagnostic system 110 contem-
plate that a filtration module 330 can be situated within the
cartridge 114. In such a cartridge 114, the plasma can be
filtered from whole blood previously collected all while
within the cartridge and without the need for centrifugation of
the sample, for example. Once the sample is in the desired
form for use, for example, as filtered plasma, the sample with
the desired form can be collected in a storage area (not
shown), such as a cache, on the cartridge 114, and then
divided into volumes for further processing.

Method 400 can also include dividing the sample into
aliquots in step 406. Aliquoting a sample into multiple vol-
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umes is a typical component of clinical testing, particularly
when conducting a panel of assays or when conducting rep-
licate measurements. Various embodiments of the diagnostic
system 110 contemplate dividing the filtered sample or
plasma into equal volumes within the cartridge 114 for further
processing.

FIG. 7 is an illustration of an example sample (shaded) that
has been divided into equal volumes within a portion of the
cartridge 114. The method of dividing of the sample 124 into
equal or non-equal volumes can involve the use of a pump
(not shown) that may be a component of the diagnostic instru-
ment 112 to assist in controlling the movement of the sample
124 into the aliquoted volumes within the cartridge 114. For
example, the pump can create a vacuum within a portion of
the cartridge 114 that can drive the motion of the sample 124
into the aliquoted volumes. If a diagnostic test requires equal
divisions of the sample, the pump can also function to control
the accuracy and precision of the aliquots to ensure that the
divisions are equal for more accurate results of the diagnostic
tests. In particular, in some embodiments, it may be important
for the sample to be divided equally so that when the sample
is mixed with reagents that have been premeasured prior to
storage on the cartridge, there is an appropriate ratio of the
sample to reagent when they are combined.

It is contemplated that a sensor (not shown), such as an
optical sensor, can be used in conjunction with the pump to
accurately position and divide the volumes within the car-
tridge 114. The sensor can be a component of the diagnostic
instrument 112 and may be positioned in such a way that it
can detect the location of a sample within the cartridge 114.
One way the sensor may accomplish this, for example, may
be to detect the transition between the presence of a fluid or
sample as compared to the presence of air or the lack of
presence of a fluid. Through standard electrical components
that may be included in the diagnostic instrument 112, the
feedback from the sensor can be translated into directions to
tell the pump to stop or move the sample as needed.

Method 400 can also include mixing the sample with
reagents stored in the cartridge in step 408. Various embodi-
ments of the diagnostic system 110 contemplate that the
cartridge 114 can hold and store all of the necessary reagents
for a particular diagnostic test. The reagents may be selected
and measured into appropriate amounts depending on the
intended purpose or goal of the diagnostic test. Pre-measured
volumes of reagents can be situated in various designated
portions of a cartridge 114 for storage and use, such as in
compartments, wells, and channels.

With the assistance of a pump, which may be the same or
different from the other pumps discussed herein, the reagents
can be mixed with the filtered sample or plasma within the
cartridge 114. For example, aliquoted volumes of plasma can
be moved into a portion of the cartridge 114 holding the
reagents, such as mixing well or a channel, so that a sample-
reagent mixture 125 is formed upon mixing. It is important
that the sample and reagents are mixed thoroughly to create a
homogeneous mixture to ensure proper processing of the
diagnostic test.

FIG. 8B is an illustration of example components used in
mixing the testing sample with reagents within a cartridge. In
FIG. 8B, the testing sample-reagent mixture 125 can option-
ally include a reagent-reacted sample, or “detectable com-
plex” 130, unreacted sample 123, and unreacted reagent 127.
The detectable complex 130 can form in the mixing step 408
and/or the incubating step 410. The detectable complex 130
can have a labeled analyte attached, directly or indirectly, to a
solid phase medium, such as a bead. The detectable complex
130 may include a detection label that can be read for analysis
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of'the diagnostic test. For example, an ECL detection unit in
a diagnostic system 110 may detect information about a
detectable complex 130 by detecting a detection unit attached
to an analyte. The unreacted sample 123 and the unreacted
reagent 127 remain in the sample-reagent mixture 125 until
removed or reacted.

In embodiments herein, the sample 124 and reagents 129
are preferably mixed thoroughly to create a homogeneous
sample-reagent mixture 125 for diagnostic test accuracy. A
homogeneous mixture can refer to a sample-reagent mixture
125 that includes a maximum amount of analyte or antigen
present in the sample or plasma has bound to the reagents with
which the sample is mixed. The pump can assist in agitating
the combined sample-reagent mixture 125 within the car-
tridge by creating back and forth movements to produce a
homogeneous mixture.

Method 400 can also include incubating the sample-re-
agent mixture in step 410. Various embodiments of a diag-
nostic system 110 contemplate a method of incubating the
sample-reagent mixture 125 once a homogeneous mixture is
achieved. The sample-reagent mixture 125 can be incubated
by an incubator apparatus that may be a component of the
diagnostic instrument 112. FIG. 8A is an illustration of a
cartridge 114 with a receptacle 116, positioned adjacent to an
incubator 126 within a diagnostic instrument 112 (not shown)
of a diagnostic system 110. The cartridge 114 can be posi-
tioned on the incubator apparatus of the diagnostic instrument
112 so that the bottom of the cartridge 114 is adjacent to the
incubator 126.

Incubation of the sample-reagent mixture 125 can assist in
providing optimal temperatures for the antigens and reagents
to react and/or bind with one another. The incubator 126 can
include one or more sensors that can provide feedback on the
temperature of the sample-reagent mixture 125 to ensure that
the temperature is maintained at a predetermined tempera-
ture, for example. In particular, an optimal temperature can
range from about 25° C. to about 42° C., for example, at about
37° C. It is contemplated that the predetermined temperature
can be adjusted depending on the diagnostic test being run, as
well as the reagents and sample being used. The time of the
incubation can also be adjusted depending on the diagnostic
test, reagents and sample being used.

Method 400 can also include washing the sample-reagent
mixture to expose a targeted analyte with a biomarker detec-
tion label in step 412. Various embodiments of the diagnostic
system 110 contemplate a method of washing away the
unbound sample or plasma and any unreacted reagents from
the mixture to expose a detectable complex that may include
a solid phase medium, such as a bead, to which a desired
analyte or antigen can be attached directly or indirectly. A
biomarker or detection label can be coupled to either the
analyte or the solid phase medium, directly or indirectly.

The washing method described herein can be similar to a
washing step in a common assay, where excess materials and
samples are washed away to expose a detectable component
that can be analyzed in a detection step. By washing away the
sample and unbound reagents, the sensitivity and accuracy of
the detection and analysis of the diagnostic test can be
increased because, for example, background noise can be
substantially reduced during the detection step, as compared
to a sample that is not washed. It is contemplated that sub-
stantially all of the sample and unbound reagents are washed
away, collected and contained within the cartridge so that
substantially none of the sample is introduced into the detec-
tion apparatus of the diagnostic instrument, thereby reducing
contamination between diagnostic tests.
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In some embodiments, it is contemplated that the reagents
can include a biomarker or detection label that can attach
directly or indirectly to an analyte or a solid phase medium for
detection and analysis. Thus, the resultant complex can have
a labeled analyte of interest attached, directly or indirectly, to
a solid phase medium. The detection label on the resultant
complex can then be read such as, with a detection apparatus
within the instrument 112 for analysis of a diagnostic test.

In some embodiments, it is contemplated that the reagent
can include a solid phase medium. An example solid phase
medium can have a paramagnetic quality so that a magnet can
be used to hold the detectable complex in place while a
rinsing fluid 131, such as a buffer, can be moved over the
detectable complex for the washing step.

For example, FIG. 9 illustrates an arrangement where a
magnet 128 of the diagnostic instrument 112 can be used to
hold a detectable complex 130 in place within a cartridge 114
while a rinsing fluid 131, such as a bufter, is allowed to wash
over the detectable complex 130 to wash away the sample and
unbound reagents. The magnet 128 can be a component of the
diagnostic instrument 112 and can come in close proximity to
a portion of the cartridge 114 where the mixture may be
located. When the magnet 128 is positioned closely to the
mixture in the cartridge 114, the detectable complex 130 may
be held in place and the fluid can wash over the detectable
complex 130.

The pump (not shown) of the diagnostic instrument 112
can play an integral role in washing away the unbound sample
and unbound reagents by moving the sample-reagent mixture
125 within the cartridge 114 and introducing additional fluids
stored on the cartridge 114 to assist in rinsing. The sensor (not
shown) may also assist in displacing and positioning fluids
within the cartridge 114 in order to wash away the sample and
unbound reagents. It is also contemplated that during the
washing of the sample-reagent mixture 125, incubation can
continue.

Method 400 can also include detecting and/or analyzing
the detectable complex in at least one detection apparatus in
step 414. Various embodiments of the diagnostic system 110
contemplate a method of detecting and/or analyzing a detect-
able complex using a detection apparatus. FIG. 10 illustrates
a detection apparatus 132 within a diagnostic instrument (not
shown) connected to a pathway 134 that fluidically connects
a cartridge (not shown) to the diagnostic instrument. A detect-
able complex prepared on the cartridge through processing
steps, such as those previously discussed, can travel through
the pathway 134 to the detection apparatus 132, which can be
a component of the diagnostic instrument.

It is contemplated that there may be more than one detec-
tion apparatuses in a single diagnostic instrument or within a
diagnostic system. The diagnostic systems can be configured
to meet different desired detection and analytical goals and to
accommodate the diagnostic test being run. The type of detec-
tion and analysis can also vary depending on many factors,
including, but not limited to, the diagnostic test being run and
the desired specificity and sensitivity for the component being
detected. The detection apparatus can use many different
types of detection including electrochemiluminescence,
chemiluminescence, [expand list of possible detection meth-
ods the system can use].

For example, electrochemiluminescence (ECL) is a quick
and sensitive technique. ECL has been described in detail in
the following U.S. Pat. Nos. 5,714,089, 6,165,729, 6,316,
607, 6,312,896, 6,808,939, 6,881,589, 6,881,536, and 7,553,
448, each of which is herein incorporated by reference in its
entirety. It is contemplated that a label is an ECL label that
may be bound to a magnetic bead, and the presence of the
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bound labeled molecule is detected by ECL. ECL signals are
generated by a redox reaction between an ECL label with a
substrate. In certain embodiments the electrochemilumines-
cence label is a ruthenium-containing reagent. One example
of a suitable ECL label is Tris(bypyridine)ruthenium(Il) [Ru
(bipy)3]2+, also referred to as TAG. In certain other embodi-
ments, the substrate is tripropylamine (TPA). Some advan-
tages of the method of using ECL-based assays is they are
rapid and sensitive. It is contemplated that for other detection
methods, the detection label and reagents can be varied as
necessary to satisfy the requirements ofthe detection method.

Method 100 can include discarding a sample in step 500.
FIG. 11 is an overview illustration of an example method of
step 500 (hereinafter “method 500”) by which a biological
sample after it has been processed is discarded into a cartridge
114 in a diagnostic system 110. Method 500 can include
discarding the processed filtered plasma or sample and
reagents along with detectable complexes 130 used in the
diagnostic test into the cartridge 114 of the diagnostic instru-
ment in step 510. Various embodiments of the diagnostic
system 110 contemplate that once the diagnostic test has been
completed, substantially all of the sample along with substan-
tially all of reagents that were originally stored on the car-
tridge 114, processed and analyzed, are returned to the car-
tridge 114 for disposal.

FIG. 12 is an illustration of a diagnostic system 110 having
a diagnostic instrument 112 fluidically connected to a car-
tridge 114 by way of fluidic pathways 134. The arrows indi-
cate an example of a substantially single direction of flow for
the materials travelling through the diagnostic system 110. In
some embodiments, the disposal of processed materials can
be returned to the cartridge without cross-contamination
between tests run on the diagnostic instrument due to a sub-
stantially single direction of flow that the fluids in the diag-
nostic test follow.

Method 100 can include outputting results in step 600.
FIG. 13 is an overview illustration of an example method of
step 600 (hereinafter “method 600”) by which a diagnostic
system outputs results from a diagnostic test. Method 600 can
include analyzing detection data received from a detection
apparatus of the diagnostic instrument 112 in step 620. Fur-
ther discussion regarding analyzing detection data can be
found below.

Method 600 can also include processing the detection data
into a user-friendly format that can be interfaced by a user in
step 622. For example, the data can be formatted and output-
ted on a display screen or be printed on a paper receipt, or
both. Alternatively, the detection data may be outputted via
any output device or portion of the diagnostic instrument 112,
as discussed further above and below.

Cartridge Overview

The diagnostic system 110 can include a cartridge 114 that
is self-contained and compact, as previously shown in FIG.
5A. Various embodiments of the diagnostic system 110 con-
template that a sample can be introduced into a cartridge 114
where the sample can be processed within the cartridge 114
during a diagnostic test. The cartridge 114 can be introduced
into a diagnostic instrument 112 having the mechanical and
electrical components necessary to run the diagnostic test and
detect results using detection technology contained within the
diagnostic instrument 112. The components and methods
associated with the cartridge 114 will be described in more
detail in the following disclosure.

Example embodiments of cartridge 114 can be configured
to perform steps of an example diagnostic test completely
within a diagnostic system 110 in conjunction with a diag-
nostic instrument 112 of the diagnostic system 110. For
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example, a cartridge 114 can be loaded and configured to
store and hold all necessary reagents and materials necessary
to perform a particular diagnostic test, such as an assay. The
cartridge 114 can also be configured to store the reagents and
materials in separate compartments, and can provide air-tight
and liquid-tight seals that can assist in diagnostic test func-
tions, which will be described in further detail herein.

The cartridge 114 can also be configured to receive a bio-
logical sample for processing and analysis during the diag-
nostic test. Through cooperative mechanisms with the diag-
nostic instrument 112, a biological sample can be prepared
and processed completely within the diagnostic system 110
without the requirement for end-user input, once the sample is
collected and introduced into the cartridge 114. The coopera-
tive mechanisms between the cartridge and the diagnostic
instrument 112 of the diagnostic system also will be
described in further detail in the following disclosure.

The cartridge 114 can also be configured to retain and
collect substantially all of the processed sample, reagents,
and materials used in the diagnostic test for disposal once a
diagnostic test is completed. By collecting processed sample-
reagents and materials for disposal, an added convenience of
being self-contained is provided, along with a prevention
and/or reduction of cross-over or contamination between dif-
ferent diagnostic tests run on the same diagnostic instrument.
The mechanisms involved in collecting the processed
sample-reagents and materials also will be described in fur-
ther detail in the following disclosure.

Cartridge Industrial Design

Examples of industrial designs of certain embodiments of
a cartridge 114 are disclosed in co-pending U.S. Design
application Nos. 29/420,961 and 29/420,967, both filed on
May 15, 2012, and each of which is herein incorporated by
reference in its entirety. Images contained within those dis-
closures prescribe example diagnostic cartridges of the diag-
nostic system 110, and designs thereof, which relay both the
function and form, and the connection between the product,
the user, and the environment. Such images merely represent
example cartridges 114, diagnostic systems 110, and the
present disclosure is not limited to these particular designs.
Cartridge Body and Components

FIG. 14A is an illustration of an exploded perspective view
of an example body and cover of a cartridge 114 of a diag-
nostic system 110. Various embodiments of a cartridge 114
contemplate having a cover 420 and a body 422 that fit
together to form the cartridge 114.

FIG. 14B is an illustration of an exploded perspective view
of'an example cartridge 114 of a diagnostic system 110. The
cover 420 can have at least one retaining feature 424 to
facilitate connecting the cover 420 to the body 422. For
example, the at least one retaining feature 424 can include a
snap fit, friction fit, etc., on one or both ends of the cover 420.

Various embodiments of the cartridge 114 contemplate that
the cover 420 can have a flat area to make contact with and
cover the body 422 to effectively cover and protect the com-
ponents of the body 422. No liquid or air tight seals are needed
between the cover 420 and the rest of the cartridge 114. An
optical machine-readable label 118 can be positioned on a
portion of the flat area of the cover 420 for identification as
previously discussed and as part of one of many failsafe
mechanisms incorporated into the diagnostic system 110.

Some embodiments of the cover 420 contemplate being
formed with at least two rows of a plurality of perforations
426, for example, as shown in FIG. 14 A. The at least two rows
of'a plurality of perforations 426 can be formed in areas of the
cover 420 through which at least one probe 712, 714 of a
diagnostic instrument can interface with internal portions of
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the cartridge 114. One of the rows of the plurality of perfo-
rations, or first probe perforations 4264, can interface with a
first probe (see first probe 712 in FIG. 27, for example), and
the other row of perforations, waste probe perforations 4265,
can interface with a waste probe 714 of the diagnostic instru-
ment 112. The waste probe perforations 4265 can be sized
larger than the first probe to provide a greater tolerance in
position variation of the waste probe (see waste probe 714 of
FIG. 27) as it interfaces with the cartridge 114. For example,
waste probe perforations may be 0.015 in. larger in diameter
(0.095 in. vs. 0.080 in.) than the waste probe.

The cover 420 may also make the cartridge 114 be more
unitary and possibly more aesthetically pleasing. The cover
420 can be injected molded out of a variety of materials, such
as structural polymers like, poly(methyl methacrylate)
(PMMA), polycarbonate (PC), and polycarbonate/ Acryloni-
trile butadiene styrene (PC/ABS) blends. It is contemplated
that other materials may be used to form the cover 420
depending on desired specifications and manufacturing goals
for the disposable cartridge 114, such as, for example, a
polycarbonate/acrylonitrile butadiene styrene such as GE
Cycoloy HC 1204HF, a polycarbonate such as Sabic Lexan™
(PC) EXL9134, polyethylene terephthalate (PET), polypro-
pylene (PP), polyvinyl chloride (PVC), and Teflon™. It is
contemplated that other known methods of forming the cover
420 can be employed, including, but not limited to casting,
rotational molding, thermoforming, compression molding,
and injection molding.

With reference to FIG. 14B, functionally, the cover 420 can
be shaped or molded to assist in guiding a sample receptacle
(not shown) into the cartridge 114. The sample receptacle,
such as a commercially available VACUTAINER® sample
receptacle, can be guided toward at least one needle 428
integrated into the body 422 such that the sample in the
sample receptacle may be accessed by the cartridge 114 via
the at least one needle 428 and used during processing of a
diagnostic test. The cover 420 also serves to protect an opera-
tor from the sharp point of the at least one needle 428.

Various embodiments of the cartridge 114 can also have
structural and functional features useful for filtration of a
sample, assay processing regions (each region also referred to
as a cartridge assay replicate (CAR)), probe wash areas and
draw reservoirs filled with ECL read buffer (can also be
referred to as a read buffer filled reagent handling station
(RHS)), and a pump storage fluid filled RHS. Certain embodi-
ments contemplate that some components of the cartridge
114 can be attached to the body 422, including, for example,
the cover 420, a filtration module 330, at least one needle 428,
and multiple seals (see, e.g., FIGS. 14B, 18, and 21B).

The body 422 can be injection molded out of a variety of
materials such as polymers that may have a low moisture
vapor transmission rate (MVTR). For example, Topas grade
AS 5013 (MVTR=0.03 g mm/(m* day) at 23° C. and 85%
RH), Topas grade 8007 (MVTR=0.025 g mm/(m? day) at 23°
C. and 85% RH), or Zeonor 1420R (MVTR=0.029 g mm/(m>
day)at 25° C. and 90% RH) may be used to form the body 422
of the cartridge 114. It is contemplated that other materials
may be used to form the body 422 depending on desired
specifications and manufacturing goals for the disposable
cartridge 114, including, but not limited to, high density poly-
ethylene (HPDE), polypropylene (PP), and polyethylene
terephthalate (PET). It is contemplated that other known
methods of forming the body 422 can be employed, includ-
ing, but not limited to, casting, rotational molding, thermo-
forming, pressure forming, compression molding, and injec-
tion molding.
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Thebody 422 also can have at least one notch 454 (see, e.g.,
FIG. 21A) on at least one side of the body 422 to assist in
motion control of the cartridge 114 by holding the cartridge
114 in place during operation within the diagnostic instru-
ment 112. Other features can be incorporated into the car-
tridge body 422 that coordinate with components of the diag-
nostic instrument 112 to ensure proper spatial arrangement
and function between the cartridge 114 and diagnostic instru-
ment 112 within the diagnostic system 110. The cartridge 114
may have several additional features and components in rela-
tion to the functional aspect of each feature and component,
which may include features disclosed below.

FIGS. 15A and 15B illustrate the at least one retaining
feature 424, and also show examples of a cover 420. By
providing the at least one retaining feature 424, a pull on each
end of the cover 420 can be provided to ensure a secure fit to
the body 422. It is contemplated that additional retaining
features known in the art can be designed and included in the
cover 420 to assist in securing the cover 420 to the body 422,
including, but not limited to, press fits, tabs, spring locks, and
over-molded magnets.

Sample Receptacle Mount

The cartridge 114 depicted in FIG. 14A, illustrates an
example of a cartridge 114 having a sample receptacle mount
430 in a diagnostic system 110. Various embodiments of a
cartridge 114 of the diagnostic system 110 contemplate hav-
ing a sample receptacle mount 430 and having a sample
receptacle 116. For example, the body 422 can be configured
with a sample receptacle mount 430 to accommodate the
mounting of an industry standard sample receptacle (i.e.,
VACUTAINER®), or similar sample receptacle 116, which
can connect to a fluidic pathway of the diagnostic system 110.
As previously described, the sample can be a biological
sample such as blood, plasma, urine or sputum.

FIG. 16A illustrates a cross-section of an embodiment ofa
sample receptacle mount 430 within a cartridge 114 of a
diagnostic system 110. As illustrated, sample receptacle
mount 430 may have a framework 432 that can be formed as
part of the body 422 out of injection molded or machined
plastic or other material(s) of appropriate physical and chemi-
cal characteristics, as the remaining portions of the body 422.

The framework 432 can incorporate structures or be shaped
or configured to form supports 434 and guide features 434 to
mount and hold a sample receptacle 116 at an angle between,
for example, the horizontal and 45° from horizontal, which
facilitates extraction of a predetermined amount of sample
from the sample receptacle 116. The framework 432 can
incorporate structures that form supports 434 and guide fea-
tures 434 to mount and hold a sample receptacle 116 at an
angle between, for example, the horizontal and 45° from
horizontal, which facilitates extraction of a predetermined
minimum amount of blood from said tube.

In some embodiments, the configuration of the sample
receptacle mount 430 can increase the efficiency of extraction
of the sample from the sample receptacle 116. By increasing
the efficiency of extraction, a majority or substantially all of
the sample can be accessible for extraction from the sample
receptacle 116. Additionally, the configuration of the sample
collection tube mount 430 can allow for the sample collection
tube 116 to maintain a low profile within the cartridge 114.

In certain embodiments, the sample receptacle mount 430
can be configured to hold a sample receptacle 116 to increase
sample extraction from the tube. For example, in certain
embodiments, the sample receptacle mount 430 has an angle
sufficient to facilitate sample extraction from the sample
receptacle 116, wherein the angle can range from about less
than 90° to about 0° from the horizontal. In other embodi-

10

15

20

25

30

35

40

45

50

55

60

65

18

ments, the angle can range from about 45° to 0° from the
horizontal. In other embodiments, the angle can range from
less than 90° to about 45°, from about 45° to about 0°, from
about 30° to about 0°, from about 20° to about 0°, from about
10° to about 0°, from about 7° to about 0°, from about 45° to
about 20, from about 45° to about 15°, from about 45° to
about 10°, from about 35° to about 15°, from about 35° to
about 10°, from about 35° to about 5°, from about 25° to about
15°, from about 25° to about 10°, from about 25° to about 5°,
from about 15° to about 10°, from about 15° to about 5°, from
about 10° to about 5°, from about 10° to about 7°, or from
about 7° to about 5°, or from about 5° to about 0° from the
horizontal. In still other embodiments, the angle can be about
45°, about 30°, about 25°, about 20°, about 15°, about 10°,
about 8°, about 7°, about 6°, about 5°, about 0° from the
horizontal. By way of a non-limiting example, the position at
7° can minimize the profile of the blood tube-cartridge
arrangement, preserving space in the diagnostic instrument
112 and cartridge 114.

The configurations of the cartridge 114 can be adapted or
designed to accommodate different diagnostic system and
instrument configurations depending on use, function and
manufacturing needs and costs. A cartridge with a configu-
ration having a smaller angle, such as about 7°, can be advan-
tageous over existing designs which have a sample receptacle
arranged at an angle of less than 90° but that still may require
tipping or additional maneuvering to get the sample out,
resulting in excess dead volume due to the larger angle from
the horizontal (e.g., the higher the angle from the horizontal,
the more dead volume in the sample receptacle).

In some embodiments, the sample receptacle mount 430
can also be configured to hold a sample receptacle 116 at a
desired angle using ribs or other support structures 434 which
constrain the tube axially along the desired angle. Certain
features may be incorporated into the sample receptacle
mount 430 to prevent or inhibit removal of a sample recep-
tacle 116 after insertion into the sample receptacle mount
430, such as, for example, a shroud or tang (not depicted) may
be molded in the cover 420 that inhibits gripping the sample
receptacle 116.

In certain embodiments, the sample receptacle mount 430
can be configured to provide an indication that the sample
receptacle 116 is properly seated with the sample receptacle
mount 430. For example, a wall 436 may be formed from the
framework 432 and molded into the body 422 to provide a
positive stop for the sample receptacle 116, as well as provide
feedback that the sample receptacle 116 in fully inserted.
Other indications may include, for example, a user feeling or
hearing a slight pop or click after the sample collection tube
116 reaches a designated location in the sample receptacle
mount 430. Alternatively, confirmation may be provided by
looking through a viewing window in the cover 420 for visual
confirmation. The framework 432 can also include features
that can prevent, inhibit and/or deter removal of a sample
receptacle 116 from the cartridge 114 after insertion onto the
framework 432, such as a tang (not depicted).

In certain embodiments, the sample receptacle mount 430
can be configured to guide a sample receptacle 116 onto at
least one needle 428 to establish fluidic communication, such
as, for example, with a diagnostic instrument 112. The guide
features or supports 434 can also facilitate the piercing of the
desired portion of the sample receptacle’s septum 438 by
physically constraining the radial motion of the sample recep-
tacle 116. The at least one needle 428 can be mounted on the
framework 432 to facilitate its insertion into the septum 438
of a sample receptacle 116, which would thereby facilitate,
establish and maintain the fluidic connections between the at



US 9,213,043 B2

19

least one needle 428 and a diagnostic instrument 112. In some
embodiments, the sample receptacle mount 430 can have a
first needle 428a and a second needle 4285, such as that
depicted in FIG. 16B.

The sample receptacle mount 430 can also be formed in
part within the cover 420, where a portion of the cover 420,
may be shaped, for example, as a domed region, and can assist
in guiding the sample receptacle 116 into place. The cover
420 can also assist in securing the sample receptacle 116 in
place after insertion.

FIG. 16B is an illustration of a portion of an example of a
sample receptacle mount 430 having two needles 4284, 428b.
The needles 428a, 4285 can be mounted to the framework 432
to establish connections between fluidic pathways (not
shown) molded into the framework 432 and the fluidic chan-
nels formed from the needles 428a, 4285. Alternately, the
fluidic pathways may be formed out of tubes or a separate
material from the framework 432. In such a configuration, the
fluidic pathways may connect to the needles 428a, 4285
directly or indirectly, and the framework 432 can be designed
to support the mounting of the needles 4284, 4285 as they are
connected to the fluidic pathways.

The two-needle configuration can be designed to prevent or
minimize undesired communication of gasses between the
needles 428a, 4285 during sample extraction. The sample
receptacle mount 430 can be configured to use a pressure
differential between the inside of'a sample receptacle 116 and
fluidic pathways as the means to extract sample from the
sample receptacle 116. Alternatively, any number of needles
and corresponding fluidic pathways may be contemplated to
provide more or less fluidic pathways. Additionally, the gauge
of the needles may be chosen to increase or decrease fluid
flow.

To facilitate a secure connection, the first and second
needles 428a, 4285 can be incorporated into the sample
receptacle mount 430 by being fitted into at least one recess
(not shown) per needle configured to receive one end of a
designated needle. The first and second needles 428a, 4285
can be permanently attached to the framework 432 so that the
exterior surface of the first and second needles 428a, 4285 are
sealed airtight to the framework 432 by means of an adhesive,
gasket or other seal, or by insert molding the needles into the
framework 432. Examples of suitable adhesives include, but
are not limited to, an epoxy resin, acrylic cements, silicones,
LOCTITE™ 3924, and hot-melt adhesive. The adhesive may
be set with a heat treatment or cured with a UV light. It is
contemplated that the at least one recess may be designed to
snuggly fit the at least one needle 428 so that the need for an
adhesive is not necessary. It is further contemplated that any
combination of the fitted size of the recess and an adhesive
may be used to secure the needle 428.

In an embodiment where two needles are present, the first
needle 428a can be mounted such that its terminal end 429a is
physically separated from, and not below, the terminal end
4295 of the second needle 4285 within the sample receptacle
116 such that air introduced into the tube to pressurize the
tube does not communicate with the second needle 4285
causing an unwanted reduction in the flow of sample out of
the sample receptacle 116. Thus, the terminal end of the
second needle 42956 may be located below the terminal end of
the first needle 429a, as the first needle is mounted to the
framework 432 on a level above that of the second needle
428b. In other words, the first needle 428a protrudes outward
from the framework farther than the second needle 4285
protrudes from the framework.

In the case of a positively pressurized sample receptacle
116 (e.g., a tube with higher than atmospheric pressure
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therein), the needle 4284 by which a pressure differential is
established can be mounted in a position where it will not
easily communicate gasses with the needle 4285 used for
sample extraction assuming they are separate entities. Thus,
the needle 4284 by which a pressure differential is established
is mounted such that its terminal end 429a is physically
separated from, and not below, the terminal end 4295 of the
needle 4285 used for sample extraction.

Alternatively, in the case of a negatively pressurized
sample receptacle 116 (e.g., a tube with lower than atmo-
spheric pressure therein), the needle 428a by through which
sample is extracted can be mounted in a position where it will
not easily communicate gasses with the needle 4285 used for
pressure normalization assuming they are separate entities.
Thus, the needle 428a by which sample is extracted can be
mounted such that its terminal end 429a is physically sepa-
rated from, and not above, the terminal end 4295 of the needle
428b used for pressure normalization.

Various embodiments of the diagnostic system 110 con-
template a method of extracting a sample from a sample
receptacle 116 within a cartridge 114. The method can
include positioning the sample receptacle 116 containing a
sample on a cartridge 114. The method can also include
introducing gas into one of the two needles 428a, 4285 caus-
ing a displacement of the sample by the gas. The displaced
sample can flow from the sample receptacle 116 through the
second needle 4285. The second needle 4285 can be in fluidic
communication with a filtration module 330 and its compo-
nents.

A lubricant, such as, for example, a silicone oil, poly(p-
xyllene) polymers, parylene, or polyglycol, may be applied to
the exterior surface of the needles 4284, 428b during assem-
bly to reduce the force needed to pierce the septum 438 of a
sample receptacle 116. Needles that are pre-coated with a
lubricant can also be used. The lubricant may also be provided
to assist in properly seating the sample receptacle 116 on the
needles 428a, 4285, as well as, facilitating needle movement
to pierce the septum 438 fully and in the desired location on
the septum 438. For example, it can be desirable to pierce the
septum 438 in the center to ensure full contact with the fluid
contained within the sample receptacle 116.

In embodiments where the configuration includes only one
needle 428, rotation and viewing of a sample receptacle 116
surface is permitted for reading of data from the sample
receptacle 116 surface after the sample receptacle 116 is
inserted into the cartridge 114. In such an embodiment, the
framework 432 may include features that allow manual or
automated turning of the sample receptacle 116 to permit
automated reading of text or other content (for example,
barcodes 118 or patient identification labels) off the sample
receptacle 116.

Filtration Module

Various embodiments of the diagnostic system 110 con-
template having a filtration module 330, such as that previ-
ously described in method 400 and depicted in FIG. 6, in
fluidic communication with the sample receptacle 116 and a
cartridge 114. Various embodiments of the diagnostic system
110 also contemplate a method of filtering a sample with the
filtration module 330 within a cartridge 114. Examples of
suitable filtration modules and methods of filtration are
described in the 253 application and the *041 PCT applica-
tion. The filtration module 330 can be designed such that it
maintains the compact size and self-contained nature of the
cartridge 114.

FIG. 6, as previously described, illustrates an exploded
view of an example of a multi-layered filtration module 330
that can be used to filter a biological sample, by passing the
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biological sample along an example flow path through the
filtration module for the biological sample to be filtered. It is
contemplated that the filtration module 330 can be configured
to have more than or less than the number of layers shown in
FIG. 6 depending on the targeted filtrate, the design, and the
configuration of the cartridge 114 and/or the configuration of
the diagnostic system 110.

It is further contemplated that the shape of the filtration
module 330 can be adapted to fit the design of the cartridge
114 within which it is situated. For example, FIG. 17 provides
an exploded view of an example of a multi-layered filtration
module 330 depicting the arrangement of the filtration mod-
ule 330 with a sample receptacle mount 430 within a cartridge
114. The multiple layers that can comprise the filtration mod-
ule are provided as one embodiment and each are layered
330a-330fin FIG. 17. The multiple layers can be configured
to stack together to form the filtration module 330 and can be
positioned within the cartridge 114. Additional features, such
as guides and supports (not shown), can be used to assist in
proper positioning of the filtration module 330 within the
cartridge 114. In some embodiments, the filtration module
330 can be positioned below the sample receptacle mount
430.

The filtration module 330 is advantageous because it can be
contained within the cartridge 114 and can yield filtered
plasma, for example, that is of the same quality as that of
centrifuged plasma, meaning that the filtered plasma has the
same composition as centrifuged plasma. Additionally, the
filtration module 330 can yield a sufficient amount of plasma
for the clinical laboratory analysis. The maximum amount of
plasma, such as plasma in blood, available from blood is the
difference in total volume and hematocrit.

For example, with 4 m[. of blood from a patient with 40%
hematocrit, the total amount of plasma is 2.4 mL. Typical of
all filtration methods, the entire plasma content of blood is not
recoverable. The amount of plasma collected relative to the
total available plasma is the plasma recovery efficiency. For
example, if 1.2 mL of plasma from the available 2.4 mL is
collected, then the plasma recovery efficiency is 50%. The
filtration module 330 can achieve a plasma recovery effi-
ciency that can match that of centrifugation, as well as an
amount sufficient enough to run multiple diagnostic tests
within a single cartridge 114.

Reagent Handling Stations (RHS)

FIG. 18 is an exploded perspective view of an embodiment
of a cartridge 114 depicting the cover 420 and the body 422
and multiple layers and seals that will be described in detail in
the following sections. FIG. 18 also depicts an embodiment of
a unique liquid storage well, or a reagent handling station
(RHS) 446, which can be used for the storage of reagents, as
a wash station for components, such as probes, and as a waste
containment area 1015 on the cartridge 114 during processing
of'a diagnostic test. Various embodiments of the cartridge 114
contemplate having at least one RHS 446 within the body 422
of the cartridge 114.

FIG. 19A depicts an embodiment of a cartridge 114 having
atleast one RHS 446 and a top seal 340, where multiple RHSs
are visible. FIG. 19B provides a detailed top perspective view
of'a single RHS within a cartridge 114 (marked as 446 in FIG.
19A). The RHS 446 of FIGS. 19A and 19B can be formed
within the body 422 and can be configured to facilitate the
fluidic connections between the cartridge 114 and the diag-
nostic instrument 112. FIG. 19B depicts an example RHS 446
which can include a RHS reservoir 448 having a pocket 450,
and probe entry sites 452, 453, which could be located on a
seal covering the RHS 446, where the seal is not depicted
around the probe entry sites 452, 453.
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The side portions (e.g., walls) of the RHS reservoir 448 can
be designed from low moisture vapor transmission rate
(MVTR) materials and can vary in thickness and material.
The side portions of the RHS reservoir 448 can be formed
within the cartridge body 422 and be made of the same mate-
rial as the body 422, such as Cyclic Olefin Copolymer (COC)
or another material such as other polymers. In some embodi-
ments, the cartridge 114 material is a COC because of the
COC’s characteristic low Moisture Vapor Transmission Rate
(MVTR). For example, the MVTR for Polyplastics TOPAS®
5013, a COC, is 0.00193 g/100 in*/day, which is considered
low for the purposes of this disclosure. With such a low
MVTR, while some liquid may evaporate during storage, less
than 1.2% of liquid reagent will evaporate over a fixed amount
of time, in some embodiments. This MVTR level of about
0.016 mL evaporation is negligible when considering the fill
capacity of an example RHS reservoir 448.

Liquid drawn from a RHS reservoir 448 can be used to
rinse or wash components, such as a first probe’s exterior. The
liquid can also serve as a source of carrier fluid for the trans-
port of reagents to the detection apparatus of the diagnostic
system 110. The RHS reservoir 448 can have a depth greater
than the length of a sample probe (not shown) of the diagnos-
tic instrument 112, which can assist in the reduction of the
dead volume. The size and shape of the RHS reservoir 448 can
vary as long as it can be sealed, e.g., with a foil seal, and there
is enough space in the top to vent the liquids to air prior to
aspiration. For example, the RHS reservoir 448 may be rect-
angular, circular, polygonal, or may include rounded or
arched sides.

In some embodiments, the RHS reservoir 448 can have a
depth of about 0.40 in., about 0.45 in., or about 0.50 in., or
depths therebetween, including, about 0.42 in., about 0.43 in.,
about 0.46 in., about 0.47 in., about 0.48 in. The RHS reser-
voir 448 can have a total volume of about 1.5 mL, about 1.7
mL, about 2.0 mL, or total volumes therebetween, such as
about 1.6 m[Land 1.9 mL.. In an example embodiment, a RHS
reservoir 448 may be about 0.0625 in. in average width and
length, and about 0.041 in. in average depth. In another
example embodiment, the volume of the RHS reservoir 448
can be about 1.7 mL. to the top with a volume of about 1.3 mL..
The fill volume may be close to the usable volume but, the fill
volume of the RHS reservoir 448 to the top should not match
the total volume as the foil layer or top seal 340 may not
properly seal if wetby a liquid in the RHS reservoir 448. In an
example embodiment, a 0.062 in. diameter probe pocket 450
may be provided to enable liquid to drain to the probe.

The RHS reservoir 448 can be configured to have a low
dead volume. In particular, in order to maximize the amount
of liquid extracted from the RHS reservoir 448, the depth of
the compartment, including any pockets, must be shorter than
the reach or extension of a sample probe (not shown) that is
used to extract the liquid. For example, the pocket 450 can be
positioned at the bottom of the RHS reservoir 448 and have a
specific geometry to assist in the extraction of the liquid. The
pocket 450 can be located near the location of where the
sample probe will enter the RHS 446 and extract the liquid.
Thus, as the liquid is being extracted from the RHS reservoir
448, it can also pool or collect in the pocket 450. The sample
probe can continue to contact the dwindling remainder vol-
ume of liquid thereby maximizing the amount of liquid able to
be extracted and reducing the dead volume.

The area of a RHS reservoir 448 may be large enough to
allow for at least one probe entry site. For example two probes
(not shown) may be provided and accommodated at the probe
entry sites 452, 453 from a diagnostic instrument 112. In an
example embodiment, the width of a RHS reservoir 448 may
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be sized to allow for a £0.013 in. positioning error of the
sample probe before it strikes the edge of the probe pocket
450. The probe entry sites 452, 453 can serve to vent the RHS
reservoirs 448, and therefore the cartridge 114, to the atmo-
sphere, which can facilitate the fluidic functions of the car-
tridge 114. Evaporation can be minimized by using a top seal
340 and pierced perforations in the top seal 340. The cartridge
114 can withstand changes in atmospheric pressure when
sealed.

In FIG. 19B, the pocket 450 is sufficiently large enough to
allow access by the probe and allow for puncturing of a
separate perforation (vent) 453 for venting to the atmosphere.
Vent 453 requires an air gap beneath the seal to prevent liquid
from exiting through the opening. An aspiration location,
which can be at probe entry sites 452, 453, can be under a
septum to reduce salt accumulation on the probe. A septum
(i.e., a septum seal 350) can provide a surface which removes
sample from the sample probe by sealing the sample within
the RHS reservoir 448 when the probe is removed from the
probe entry sites 452, 453 up through the septum. In some
embodiments, a septum can be a 0.032 in. thick rubber mate-
rial (e.g., 30 durometer Silicone).

When a probe from a diagnostic instrument enters the RHS
reservoir 448 and draws the reagents into the probe, the
reagents can act as a cleaning agent. The fluid motion along
the probe can draw particles on both the outside and inside
surfaces of the probe up into the diagnostic instrument 112
and eventually to a waste containment area, such as a waste
reservoir, within the cartridge 114.

The introduction of air bubbles by moving the diagnostic
instrument 112 probe up and down in the vented RHS 446
may allow the introduction of small bubbles. These bubbles
may aid in the cleaning of the probe surfaces by increasing the
scrubbing action along the probe surfaces. This cleaning can
decrease the carryover between diagnostic test reads.

The RHS 446 further may include a multi-layered foil heat
seal, top seal 340, described in greater detail in the following
disclosure. The top seal 340 can be a multi-layered foil heat
seal that may be heat sealed to the top of one or more RHS
reservoir 448. The top seal 340, similar to the septum seal
350, can function to help with cleaning the exterior of a probe
as the probe traverses the top seal 340. The top seal 340 can
facilitate probe cleaning and can reduce carryover between
diagnostic readings during operation. The top seal 340 can
further facilitate the introduction of air to liquid transitions
during liquid draws. The top seal 340 can be comprised of a
specially developed foil seal designed to heat seal to thin
walls of COC plastic in order to keep the moisture vapor
transmission rate low and maintain a minimum size of the
device. The thin walls and the seal can also help to maintain
thermal uniformity. The top seal 340 can be made of any foil
that can form a foil seal, such as Winpak LTD—WINCARE
DF10HJ712A Heat Sealing Foil.

Various embodiments contemplate that liquids drawn from
the cartridge 114 into the diagnostic instrument 112 may be
returned to the cartridge 114 before a diagnostic test run is
complete. To minimize the size of the cartridge 114, the RHS
446 can be reused as a waste reservoir for the previously
processed liquids, beads, reagents, etc., for the step 500 of
method 100. Capillary action can keep the waste materials in
the cartridge even upon inversion of the cartridge 114 despite
any probe-created perforations. The waste materials may be
maintained due to the foil or plastic because the size of the
perforations in the foil or plastic being small. For example, a
0.0355" perforation can have a capillary pressure equivalent
to 0.71 in.in. of water, which is 1.5x the head pressure from
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the deepest waste cavity (0.46"), thus not allowing escape of
the waste from the cartridge 114.

While the present discussion is largely focused on the use
of'the RHS 446 with assays, it is not meant to be limiting and
is only one example for which this RHS 446 can be used. For
example, the RHS 446 can have utility in any long term liquid
storage on any plastic disposable device.

Top Seal

Referring to FIG. 18, the cartridge 114 is shown as having
various sealing layers, including the top seal 340. Various
embodiments of a cartridge 114 contemplate having a lid
layer, such as the top seal 340, to seal the portions of the body
422 such as RMS compartments that can hold liquid and dry
reagents. It is contemplated that the top seal 340 can be made
from more than one layer. For example, the top seal can be
comprised of a barrier layer and a laminating element.

The top seal can be joined to the body 422 using a lami-
nating element such as heat seal coating, pressure sensitive
adhesive (PSA), pressure sensitive adhesive tape, thermal
adhesive, transfer tape, transfer adhesive, double sided tape,
tie layer, adhesive film, or similar materials.

The top seal 340 can be die-cut or otherwise configured to
have a size and shape that fits and covers only the liquid and
dry reagent holding portions of the body 422 so that there is
no overhanging material to interfere with cartridge perfor-
mance.

FIG. 18 provides an embodiment of a body 422 illustrating
how a top seal 340 and a septum seal 350 may be fitted to the
body 422. FIG. 19A is an illustration of an exploded perspec-
tive view of an example cartridge with multiple RHS 446 and
atop seal 340. In example embodiments, the top seal 340 and
the septum seal may be applied together as a multilayer, or
may be applied separately.

The top seal 340 can be made from high barrier materials
that can reduce or prevent evaporation of stored liquids under
the top seal 340. It is desirable for the top seal 340 to have a
very low MVTR. For example, a material that has an MTVR
that is at least 2x lower than the material used to form the body
422 will not greatly contribute to any water loss from the
liquid being sealed by the top seal 340. Suitable materials for
the top seal 340 include, but are not limited to, aluminum foil,
aluminum alloy foils, metal alloy foils, high MVTR films,
high barrier films, COC films, ACLAR® films (a type of
fluorinated-chlorinated resins), films made of fluorinated-
chlorinated resins, duplex films, triplex films, WinCare
DF10HJ712A (a Universal Sealing Blister Foil from the com-
pany WinPak).

Septum Seal

Referring to FIG. 18, an example cartridge 114 may have
various sealing layers, including a septum seal 350. Various
embodiments of a cartridge 114 contemplate having a multi-
layer fluidic septum seal 350 to establish a liquid and air-tight
seal of the at least one reagent handling station 446 and to
establish a fluidic connection with at least one probe of a
diagnostic instrument 112 in the diagnostic system 110.

FIG. 20A is an illustration of an exploded perspective view
of'an example septum seal 350 an example cartridge 114. The
septum seal 350 can be joined to the top face of the top seal
340 using pressure sensitive adhesive, heat sealing, bonding,
or lamination. The septum seal 350 can be a multi-layer film
structure that can be designed to connect fluidic elements
between the cartridge 114 and the diagnostic instrument 112
using a probe. For example, the septum seal 350 can be used
to establish and switch fluidic connections between the car-
tridge and fluidic control elements, such as a pump, a tubing
assembly or fluidic pathway, and at least one probe of a
diagnostic instrument. The septum seal 350 can also be a
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multi-layer film structure that is designed to connect cartridge
fluidic elements to the atmosphere using a probe. The septum
seal 350 can also serve as a top seal to seal liquid filled wells
or reservoirs located on the cartridge 114. The septum seal
350 can also serve as a means to clean the probe free of liquids
and solids such as salts.

The septum seal 350 can be constructed of multiple layers.
FIG. 20B, illustrates an example multiple layer septum seal
350, which may include for example, at least one septum
layer 352, at least one laminating element 354, and at least
one support layer 356. The septum seal 350 can have various
combinations of these layers all joined together to form the
multi-layer film structure. The layers can be combined to
form different configurations of layers before forming an
example completed septum seal 350 as shown in FIG. 20B.
However, it is desirable to have at least one septum layer 352
and at least one support layer 356 in a septum seal 350.

Septum layers 352 can be made from a thin partition, film,
membrane or similar structure which is pierceable, reversibly
stretchable, elastic, reversibly compressible, re-sealing, self-
sealing, prevents the exchange of fluids and gases, seals
against a probe, and is re-addressable by a probe at the same
location. An example septum layer 352 can have one or more
probe addressable locations. An example septum layer 352
can be made from a variety of materials that provide these
qualities, including, but not limited to, synthetic rubber, sili-
cone rubber, elastomers, fluoroelastomers, natural rubber,
copolymers of hexafluoropropylene and vinylidene fluoride,
terpolymers of tetrafluoroethylene, vinylidene fluoride and
hexafluoropropylene, perfluoromethylvinylether polymers,
butyl rubber, or similar materials.

In some embodiments, an example septum layer 352 also
can be made of a material that has a hardness of less than or
equal to 110 Durometer (Shore A). The septum layer 352 can
have a plurality of holes, in at least one row, cut out of the
layer in a predetermined pattern that can correspond to the
other layers of the septum seal 350, as well as the holes 426 in
the cover 420, all of which correlate to the points of contact
from the probes of the diagnostic instrument during opera-
tion.

The septum layer 352 can have varying thicknesses
depending on the materials used for each of the layers within
a given septum seal 350. For example, the septum layer can
have a thickness of less than or equal to %o in., less than or
equal to %4 in. or less than or equal to % in.

Example support layers 356 may be from a film, sheet, foil
or similar material which reduce stretch and tension on a
septum layer 350, add rigidity to overall structure, add stiff-
ness to overall structure, re-enforce overall structure, have a
high flexural modulus, reduce elongation of the septum layer,
and may be puncturable. In particular, an example support
layer 356 can prevent an example septum layer 352 from
breaking and stretching when pierced by a probe, for
example. Examples of suitable materials for the support layer
356 can include, but are not limited to, metals such as, alu-
minum, aluminum alloys, metal alloys, foils, rigid films, plas-
tics sheeting, polytetrafluoroethylene, polyvinyl chloride,
polyester, and polymers thereof. In an example embodiment,
the support layer 356 can be made from aluminum foil.

The support layer 356 can have varying thicknesses
depending on the materials used for each of the layers within
a given septum seal 350. For example, the support layer can
have a thickness of less than or equal to 7 mils, less than or
equal to 6 mils, less than or equal to 5 mils, less than or equal
to 4 mils, less than or equal to 3 mils, less than or equal to 2
mils, or less than or equal to 1 mil. The support layer 356 can
have a plurality of holes cut out of the support layer 356 in a
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predetermined pattern. The pattern can correspond to the
other layers of the septum seal 350, as well as the holes 426 in
the cover 420, and may also correlate to the points of contact
from the probes of the instrument 112 during operation.

One purpose of the support layer 356 may be to facilitate
the piercing of the septum layer 352 by a probe of the diag-
nostic instrument 112. The support layer 356 may add stiff-
ness to the underside of the septum layer 352 for the purposes
of limiting the stretch of an elastic septum layer 352 during
probe entry or withdrawal. Unwanted stretching of an
example septum layer 352 can cause significant pressure
transients (e.g., positive pressure or vacuum) within the flu-
idic channels of the cartridge 114. Pressure transients, in turn,
may induce unintended or variable fluid motions within the
channels, which may disrupt or alter the predetermined posi-
tions of the fluid samples.

An example laminating element 354, shown as combined
with the support layer 356 underneath the septum layer 352 in
FIG. 20B, may include to a thin material used to join or bond
layers together. A laminating element 354 may use adhesives
as a means to hold together others layers. For example, a
laminating element 354 may be a pressure sensitive adhesive
(PSA), thermal adhesive, heat seal coating, transfer tape,
transfer adhesive, double sided tape, tie layer, adhesive film,
or similar materials.

The laminating element 354 can, in some embodiments,
contribute to the multilayer film structure the same properties
as the support layer 356, in that some laminating elements
354 can add rigidity, add stiffness, re-enforce, and/or reduce
elongation. For example, a double-sided tape with a carrier
may have support layer 356 properties, where the carrier also
provides support in the same manner as the support layer 356.
In some embodiments, there may be sufficient stiffness, rigid-
ity, re-enforcement, or reduction of elongation by the double
sided tape carrier, that the laminating element 354 may also
function and replace support layer 356. For example, a lami-
nating element 354 may include both a double sided tape
carrier acting as a support layer 356 and adhesives acting as
the laminating element 354.

The laminating element 354 can have a plurality of holes,
in at least one row, cut out of the layer in a predetermined
pattern that can correspond to the other layers of the septum
seal 350, as well as the holes 426 in the cover 420, all of which
correlate to the points of contact from the probes of the
diagnostic instrument 112 during operation. It is contem-
plated that where more than one laminating element is used in
the septum seal 350, the two laminating elements can be
different materials. It is further contemplated that where more
than one laminating element is used in the septum seal 350,
the two laminating elements can be the same materials.

In certain embodiments, the septum seal 350 can be an
element of a closed fluidic path. In certain embodiments, the
diagnostic system 110 can employ a closed fluidic path
between a diagnostic instrument 112 and a cartridge 114. The
closed fluidic path can provide a path through which a sample
and necessary reagents can be withdrawn from the cartridge
114, analyzed by the diagnostic instrument 112, and returned
to the cartridge 114. In the embodiments, the closed fluidic
path may use a substantially single direction of flow.

The septum seal 350 can be designed to be addressable by
a probe in one or more locations during operation of the
diagnostic system. In some certain embodiments, the septum
seal 350 can have a plurality of probe entry sites (formed from
and found on each individual layer of the septum seal 350, as
described above). These entry probe sites can be located
above various internal fluidic channels, wells, fluidic ele-
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ments, and reservoirs and can be arranged in a plurality of
patterns according to cartridge configuration and design.

The septum seal 350 can be designed to be make fluidic
connections between the cartridge 114 and the diagnostic
instrument 112 when pierced by a probe of the diagnostic
instrument 112. As used herein, the phrase “to pierce” means
to penetrate through, or make a through hole, or to cut
through, or to tear though the septum layer, and then the
septum layer self-seals or reseals when the probe is removed.
A pierced site is re-usable. The septum seal 350 can form a
secure fluid or air passageway between the diagnostic instru-
ment 112 and cartridge 114 using a probe.

The septum seal 350 is designed to connect cartridge flu-
idic elements to the atmosphere or ambient surroundings by
puncture. As used herein, the phrase “to puncture” means to
perforate or to make a through hole in the support layer where
the hole is irreversibly formed or permanently opened using a
probe. Some of these sites may act as vents, which allows
ingress of atmospheric air if under vacuum or allowing egress
of air if under pressure. Some of these sites allow a probe to
address a layer beneath the septum seal 350 without piercing
the septum layer 352. There can be at least one, at least two,
or a plurality of vents and they can be arranged in various
configurations according to a predetermined probe pattern of
the corresponding diagnostic instrument. For example, vent
configurations can be varied on each layer of the septum seal
350 depending on the configuration of the cartridge and the
motion path of the probes.

As described above, the individual layers of an example
multi-layer septum seal 350 can be pre-formed into separate
layers before being combined into the septum seal. Each of
the pre-formed layers can be made from materials that can be
sized and formed by conventional die cutting or laser cutting
methods. The patterning of the probe sites and vents of the
septum seal 350 may be accomplished using conventional die
cutting or laser cutting methods. Construction of the septum
seal 350 may be accomplished using a conventional rotary
press.

In various embodiments, the septum seal 350 can be com-
prised of four layers, including a septum layer 352, a support
layer 356, and two laminating elements 354, each with cor-
responding pierceable sites and puncturable sites. It is con-
templated that all the layers of the septum seal 350 can have
the same length and width, for example, about 0.5 in.in. by 5.0
in.in., about 0.6 in.in. by 4.0 in.in., about 0.7 in.in. by 4.5
in.in. and about 0.8 in.in. by 5.0 in.in. In an example embodi-
ment, the layers can be about 0.8 in.in. by 4.9 in.in. It is
contemplated that the length and width of the septum seal 350
correspond to the top surface of the cartridge.

In another embodiment, the septum layer 352 can be made
of about 0.03 in. thick silicone rubber with hardness of about
30 Durometer (Shore A). The septum layer 352 can have
several vents to enable ingress or egress of atmospheric air.
The diameter of the vents can be greater than the diameter of
the probe. For proper operation, the septum layer 352 is
preferably not tensioned or stretched. Unwanted tensioning
of the septum layer 352 may result in the pierced site not
re-sealing or self-sealing after probe withdrawal.

Bottom Seal

FIG. 21A illustrates a perspective view of a bottom of a
cartridge 114 having a bottom seal 360 and FIG. 21B is an
exploded perspective view of the bottom of the cartridge 114
showing at least one fluidic channel 512 of the cartridge 114
and a bottom seal 360. Various embodiments of a cartridge
114 contemplate having at least one fluidic channel 512
formed from the body 422 and sealed by a bottom seal 360,
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wherein the bottom seal 360 defines at least a part of the
volume of at least one fluidic channel 512.

In various embodiments, the cartridge 114 can be a bottom
seal 360 that is a multi-layer, heat-sealable film. The bottom
seal 360 can form, in part, a bottom surface of the cartridge
114, as depicted in FIGS. 21A and 21B.

The bottom seal 360 can have characteristics that provide
improved cartridge performance such as precision and accu-
racy. In an example cartridge 114, fluidic channels 512 may
be formed and sealed by a bottom seal 360. In particular, the
bottom seal 360 encloses at least one volumetric fluidic chan-
nel 512 and forms a known, measurable volume. It can be
undesirable for the volume to change during the manufactur-
ing of the disposable cartridge 114. In example cartridges
114, specific film materials can be used to make the bottom
seal 360 to provide highly accurate fluidic volumetric chan-
nels.

Additionally, the multiple layers that comprise the bottom
seal 360 may be specifically selected film materials for lami-
nation or joining of the layers and/or die cutting. The selection
includes materials that will melt at a temperature below that
of the melting temperature of the body 422 material. The
bottom seal 360 can also bond or join to the body 422 surface
with high seal strength such that the enclosed fluidic channels
512 are sufficiently sealed so as to withstand high pressures or
high vacuum levels.

The bottom seal 360 can be cut to various sizes as neces-
sary during assembly. It is desirable to have the bottom seal
360 cut to a particular size and shape to conform, cover and
seal the fluidic channels 512 while not extending beyond the
edges of the body 422. If the bottom seal 360 overhangs, may
interfere with cartridge motion during processing within the
diagnostic system 110. The bottom seal 360 can have a notch
362 cut out to correlate to the notch 454 of the body 422. The
size and shape of the diameter of the bottom seal 360 can be
configured to satisfy individual manufacturing and design
requirements and are not meant to be limited by the descrip-
tion of the embodiments described herein. Having a bottom
seal 360 that does not extend all the way to the edges of the
body 422 also allows the snap fit features 424 of the cover 420
to properly engage the body 422.

In certain embodiments, the bottom seal 360 can be con-
structed from a combination of a thermal adhesive layer and
a support layer. The thermal adhesive layer can be directly
coated, formed or joined onto the support layer. Using a heat
seal process, the thermal adhesive layer is able to join and seal
the support layer to the body 422 to enclose the fluidic chan-
nels 512. The thermal adhesive layer thickness is sufficiently
thin such that during heat sealing, melt from the thermal
adhesive layer does not substantially flow into the fluidic
channels and cause unwanted volumetric changes. In particu-
lar, flow of melt, i.e., flash, may cause unwanted volumetric
changes to the fluidic channels, which can be avoided with a
low thickness of the thermal adhesive layer.

The heat seal temperature is a characteristic of the thermal
adhesive material of the thermal adhesive layer, and is advan-
tageously lower than the melting point or glass transition
temperature of the body 422 material being sealed. For
example, in certain embodiments, the heat seal temperature
of an example thermal adhesive material can be 113° C.,
which is a temperature significantly lower than the glass
transition temperature of the cyclic olefin copolymer, i.e.,
136° C., used for injection molding the body 422. If the heat
seal temperature is substantially the same or greater than the
melting point or glass transition temperature of the body 422,
then during heat sealing, the structure of the fluidic channels
512 may distort due to melting of the body 422 material. Any
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distortion to the fluidic channels 512 can change the volume
which is undesirable. As a consequence, the fluidic channels
512 maintain the volumetric integrity with which each was
designed.

The thermal adhesive processing temperature can be
adapted to suit the desired manufacturing design, for
example, by selecting different materials for the formation of
the thermal adhesive layer depending on the type of material
used for the body 422. Examples of suitable materials for the
thermal adhesive layer include, but are not limited to, copoly-
mers of ethylene and vinyl acetate (EVA), EVA emulsions,
such as, polyvinyl acetate copolymers based on vinyl acetate
and plastized with vinyl acetate ethylene, vinyl acetate ethyl-
ene (VAE) emulsions, VAE copolymer, copolymer adhesives,
ethylene methacrylic acid copolymer (EMAA), cthylene
acrylic acid copolymer, polyolefin copolymer, cthylene
copolymer, propylene copolymer, polyvinyl chloride based
thermoplastic resin, polyvinylidene chloride based thermo-
plastic resin, acrylate and styrene acrylate based thermoplas-
tic resin, acrylate/polyolefin based thermoplastic resin, sty-
rene copolymer based thermoplastic resin, polyester based
thermoplastic resin, heat seal lacquer, or other similar mate-
rials.

The thermal adhesive layers can be designed to be as thin as
possible to conserve space within the cartridge 114 design
without sacrificing effectiveness of the cartridge 114. In gen-
eral, the thermal adhesive layers can have a thickness of less
than about 1.5 mil. For example, the thermal adhesive layers
can have a thickness ranging from about 0.2 mil to 1.2 mil,
about 0.3 mil to about 1.0 mil, about 0.4 mil to about 0.8 mil,
or about 0.5 mil to about 0.6 mil. It is contemplated that the
thermal adhesive layers can have a thickness of about 1.2 mil,
about 1.0 mil, about 0.8 mil, about 0.6 mil, about 0.5 mil,
about 0.4 mil, about 0.3 mil, or about 0.2 mil, or any thickness
in between these values and less than about 1.5 mil.

Due to the thickness of the thermal adhesive layer, a sup-
port layer 356 may be used to provide sufficient stiffness,
rigidity, high flexural modulus, and re-enforcement to the
bottom seal 360. The support layer can add stiffness to the
thin thermal adhesive layer such that the enclosed fluidic
channels 512 can have a flat channel surface. As a conse-
quence, the volumes of the fluidic channels can be precise and
accurate across many cartridges.

The support layer can be made of a material that does not
melt, deflect or substantially deform during the heat sealing
process. For example, the support layer can be made of poly-
ethylene terephthalate (PET), polyvinyl chloride (PVC),
cyclic olefin copolymer (COC), polyvinylidene chloride
(PVDC), polystyrene, polycarbonate (PC), poly(methyl
methacrylate) (PMMA), polysulfone, acrylonitrile butadiene
styrene (ABS), or other similar materials.

The support layer 356 may be made of materials that are
sufficiently stiff and provide high flatness on both surfaces of
the combined layers. For example, in certain embodiments,
the support and stiffness of the overall bottom seal 360 is
derived from the support layer 356 with PET being an
example. The use of PET is also advantageous because of the
characteristic dimensional stability, high flatness, and high
parallelism between surfaces.

The support layer 356 can also be designed to be as thin as
possible to conserve space within the overall cartridge 114
design without sacrificing effectiveness of the cartridge 114.
The support layer 356 can be thicker and stiffer than the
thermal adhesive layer to provide sufficient support and stiff-
ness to the bottom seal 360, while maintaining thinness.
Accordingly, the support layers 356 can have a thickness of
less than about 5.0 mil. For example, the support layer can
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have a thickness ranging from about 4.5 mil and about 5.0 mil,
from about 4.0 mil to about 4.5 mil, from about 3.0 mil to
about 4.0 mil, or from about 2.5 mil to about 3.0 mil or any
thickness therebetween. It is contemplated that the support
layer can have a thickness of about 5.0 mil, about 4.5 mil,
about 4.0 mil, about 3.7 mil, about 3.5 mil, about 3.0 mil, or
about 2.5 mil.

When the thermal adhesive and support layers are com-
bined, is the combined layers may have smooth surfaces to
ensure that the volume of the fluidic channels 512 is not
affected by surface abnormalities of the bottom seal 360. It is
may also be desirable to use materials that are dimensionally
stable (low shrinkage) and have high parallelism between
surfaces. Such materials are preferably also chemically com-
patible with clinical laboratory specimens, such as blood or
plasma.

In certain embodiments, the bottom seal 360 can include an
additional tie layer. A tie layer can facilitate the adhesion of
the thermal adhesive layer to the support layer. In certain
embodiments, for example, a pressure sensitive adhesive
(PSA) layer can be used as a tie layer to tie layers, such as the
thermal adhesive layer and the support layer. A tie layer can
enable dissimilar materials for the thermal adhesive layer and
support layer to be used together and joined. The tie layer can
be advantageously thin, and can be selected from materials
that do not melt or deform during the heat seal process.
Examples of suitable materials for the tie layer include but are
not limited to PSA materials, polyolefin resins, anhydride
modified polyolefin, double side adhesive tapes, or similar
materials.

The tie layer is designed to be as thin as possible to con-
serve space within the overall cartridge 114 design without
sacrificing effectiveness of the cartridge 114. The tie layers
can have a thickness of less than about 1.5 mil. For example,
the tie layers can have a thickness ranging from about 0.2 mil
to 1.2 mil, about 0.3 mil to about 1.0 mil, about 0.4 mil to
about 0.8 mil, or about 0.5 mil to about 0.6 mil. It is contem-
plated that the tie layers can have a thickness of about 1.2 mil,
about 1.0 mil, about 0.8 mil, about 0.6 mil, about 0.5 mil,
about 0.4 mil, about 0.3 mil, or about 0.2 mil, or any thickness
in between these values and less than about 1.5 mil.

The materials chosen for the thermal adhesive layer, the
support layer, and the tie layer may be optically transparent,
optically opaque, or optically translucent. When used, opti-
cally transparent or translucent materials can facilitate the
functions of the diagnostic system such as, for example, the
use of optical sensors within the diagnostic instrument to
meter appropriate divisions of fluids within the fluidic chan-
nels. The materials chosen for the thermal adhesive layer, the
support layer, and the tie layer may be in.osen to have low
thermal resistance.

The bottom seal 360 can have a total thickness which is the
sum of the individual layers. Additionally, the materials cho-
sen for the bottom seal 360 layers may bond or join to the
device surface with high seal strength such that the enclosed
fluidic channels are sufficiently sealed so as to withstand high
pressures or high vacuum levels.

In some embodiments, the bottom seal 360 can be com-
prised of materials that are bondable to plastics commonly
used for injection molding, including a cyclic olefin copoly-
mer (COC). It is contemplated that when other materials are
used for the injection molding of the body 422, the thermal
adhesive layer material may be altered as well. In particular,
the thermal adhesive layer material composition can depend
on the composition of the substrate or body 422, so it can be
desired to have a thermal adhesive layer with a lower melting
point than the body 422. Examples of suitable combinations
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of' body 422 material and thermal adhesive material include,
but are not limited to, the following pairs:

Body Material Thermal Adhesive

cyclic olefin copolymer
polyvinyl chloride
polystyrene

ethylene vinyl acetate copolymer

PVC based thermoplastic resin
acrylate and styrene acrylate-based
thermoplastic resin
acrylate/polyolefin-based thermoplastic
resin

acrylate/polyolefin based thermoplastic
resin

polyester based thermoplastic resin

polypropylene
polyethylene

PET

It contemplated that more than one of each layer may be
used to construct the bottom seal 360 depending on the mate-
rials selected for each layer and the desired properties and
thickness of the bottom seal 360. For example, a bottom seal
construction may include alternating layers of thermal adhe-
sive layers and tie layers on each side of a support layer.

An embodiment of a bottom seal 360 can be constructed
from a thermal adhesive layer comprising a copolymer adhe-
sive with a thickness of about 0.6 mil, a support layer com-
prising PET with a thickness of about 3.0 mil and a tie layer
comprising PSA, with a thickness of about 1.2 mil. Such an
example of a bottom seal 360 is able to seal fluidic channels
512 of the body 422 of a cartridge 114, formed by injection
molding of a cyclic olefin copolymer with a glass transition
temperature of 136° C., such as, for example, TOPAS® 5013.

In another embodiment, the bottom seal 360 can be con-
structed from two layers joined by lamination and can have a
total thickness of about 5.4 mil, which can be the sum thick-
nesses of the two of the layers. For example, a bottom seal 360
can include thermal adhesive layer of Transilwrap Trans-
Kote® PET/MR Laminating Film with a thickness of about
1.2 mil and a support layer of Adhesive Research ARCare
7843 with a thickness of about 4.2 mils for total thickness of
5.4 mils.

The low thickness of the bottom seal 360 permits the mate-
rials to be readily die cut. The materials can also be expected
to have a low thermal resistance with this low thickness. The
materials selected can be optically transparent.

In another embodiment, the bottom seal 360 can be con-
structed from two layers joined by lamination and can have a
total thickness of about 5.4 mil, which is the sum of the layers.
For example, a bottom seal 360 can include a thermal adhe-
sive layer with a thickness of about 0.6 mil, a support layer of
PET with a thickness of about 0.6 mil, a tie layer made from
single-sided PSA tape with a thickness of about 4.2 mil, (e.g.,
a 1.2 mil adhesive layer and a 3.0 mil PET support layer) for
atotal thickness of 5.4 mils. The face of the single-sided tape
opposite the PSA can be smooth.

Dividing Sample into Aliquots

FIG. 22 is abottom view of a cartridge 114 depicting fluidic
channels 512. Various embodiments of a cartridge 114 con-
template having at least one fluidic channel 512 formed from
the body 422 and sealed by a bottom seal 360, wherein the
bottom seal 360 defines in part the volume of the fluidic
channels 512.

In various embodiments, the method of dividing a sample
can include three operations which use the features of an
aliquoting mechanism depicted in FIG. 23. FIG. 23 is an
illustration of fluidic features used in an aliquot mechanism
intended to produce three aliquot volumes, such as, of 25 pulL..
The aliquot mechanism 514 can be a sub-section of a clinical
diagnostic instrument
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An aliquot method can be precise and accurate indepen-
dent from a pump accuracy. For example, a first operation can
include drawing a sample liquid (shaded) from a sample
reservoir 516 (also referred to as a plasma cache or cache) into
a primary channel 518. The liquid can be drawn by using a
vacuum, which can be generated inside the primary channel
518. The vacuum can be created by a pump connected an end
channel pump connecting port 716.

During this operation, other connecting ports may be
closed to allow the vacuum to form. When liquid from the
sample reaches a primary channel fill mark (not shown), a
sensor 528, which addresses the aliquot mechanism 514, can
communicate with the pump to stop and release the liquid
from the end channel pump connecting port 716. As such, the
extent of filling the primary channel 518 can be independent
of pump accuracy. The extent of filling the primary channel
518 can depend on the geometry/volume of the primary chan-
nel 518.

A second operation can include emptying the remaining
sample liquid from the sample reservoir 516 into the second-
ary channel 520. The liquid can be emptied by using a vacuum
generated inside the secondary channel 520. The vacuum can
be created by a pump connected to a secondary channel pump
connecting port 716. During this operation, the other connect-
ing ports can be closed. The second operation can also be
independent of pump accuracy. For example, when a liquid
from the sample reaches a secondary channel fill mark (not
shown), a sensor 528 which addresses the aliquot mechanism
514, can communicate with the pump to stop and release the
liquid from the secondary channel pump connecting port 716.
The leftover liquid volume not pulled into the channels can be
the excess of sample liquid over total aliquot volume (where
total aliquot volume is the aliquot volume multiplied by the
number of aliquots).

A third operation can include drawing a segment of liquid
from the sample liquid located in the primary channel 518
between receiver channels 522 into a receiver channel 522.
The volume of liquid in the primary channel 518 between
receiver channels 522 can be the aliquot volume. This can be
conducted sequentially for, as an example, three times for
each of the three receiver channels 522 (the number of which
is dependent on the cartridge design and the diagnostic test
being run on the cartridge). For example, this third operation
can occur in an embodiment with five secondary channel
pump connecting ports 716.

The sequence of drawing aliquot volumes into a receiving
channel 522 is conducted in order and starting with the aliquot
volume closest to the secondary channel 520 (e.g., from left to
right in FIG. 23). This fluid motion can be driven by vacuum
generated inside each receiver channel 522 due to a pump
being connected to the receiver channel pump connecting
port 716. This operation can also be independent of pump
accuracy. At the end of the method, all sample liquid that was
contained in the sample reservoir 516 may be aliquoted into
each of the receiver channels 522 and the secondary channel
520.

The aliquot mechanism 514 can accommodate any type of
biological sample such as blood, plasma and urine. In some
embodiments of the aliquot mechanism 514, the sample to be
aliquoted can be located within a sample reservoir 516. The
means for locating the sample into the sample reservoir 512
would be apparent to anyone skilled in the art of assay con-
struction and can be as described herein. The sample reservoir
516 can have a volume ranging from about 125 pl to about
135 ul, about 135 uL to about 150 pL, about 150 ulL to about
175 ul, and about 175 pL to about 200 plL. The sample
reservoir can have a volume of about 150 pl., about 175 plL,,
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about 200 L., about 225 ul, or any volume therebetween. In
an example embodiment, the sample reservoir 516 can have a
volume of about 200 uL. The opening of the sample reservoir
516 can be located on the top surface of the aliquot mecha-
nism 514 and the sample reservoir 516 can be open vented to
the ambient atmosphere.

The sample reservoir 516 can be connected to a primary
channel 518. The primary channel 518 can have avolume less
than the sample reservoir volume. For example, the primary
channel 518 can have a volume ranging from about 125 plL to
about 135 ul, about 135 ul. to about 150 uL., about 150 L. to
about 175 pL, and about 175 pul. to less than about 200 uL. The
primary channel 518 can also have a volume of about 125 L,
about 150 L., about 175 pL, about 200 ul, or any volume
therebetween. In an example embodiment, the primary chan-
nel 518 can have a volume of about 150 pL. In one embodi-
ment, the fluidic features can be formed by injection molding
fabrication and can be replicated with high precision and
accuracy.

The primary channel can be connected to an end channel
524. The end channel 524 can have a volume of about 20 ulL,
about 25 ul, about 30 pL, or any volume therebetween. In an
example embodiment the end channel 524 can have a volume
of about 25 pL.. The end channel 524 can be connected to a
pump connecting port 716. The primary channel 518 can also
be connected to three receiver channels 522. The volume of
each receiver channel 522 is designed to be greater than the
aliquot volume 526 and can be equal to about 50 uL, about 75
uL, about 100 uL, or any volume therebetween. In an example
embodiment each receiver channel 522 can have a volume of
about 75 uL.

The primary channel 518 can also be connected to a sec-
ondary channel 520. External to the aliquot mechanism 514
can be a sensor 528 to detect when a liquid front reaches the
primary channel fill mark (not shown). The sensor 528 can be
used to detect when a liquid front reaches the secondary
channel fill mark (not shown). The volume of the secondary
channel 520, based on the fill mark, is designed to be greater
than the difference in volume between the sample reservoir
516 and primary channel 518 volume. The secondary channel
520 can have a volume ranging from about 125 pl to about
135 ul, about 135 pL to about 150 pL., about 150 uL to about
175 pL, and about 175 uL to less than about 200 uL.. For
example, the secondary channel can have a volume of about
125 ul., about 150 plL., about 175 pL, about 200 puL, or any
volume therebetween. In an example embodiment the sec-
ondary channel 520 can have a volume of about 150 pL.

The secondary channel 520 and each receiver channel 522
can be connected to pump connecting ports 716. The number
of pump connecting ports can vary depending on the configu-
ration of the cartridge 114, and may range from 5 to 7 pump
connecting ports. For example, in an embodiment, there may
be a total of 5 pump connecting ports. The pump connecting
ports 716 are normally closed. The fluidic channels, i.e.,
secondary channel 520, receiver channels 522, and end chan-
nel 524, are in fluidic communication with a pumping mecha-
nism through the pump connecting ports 716. Fluid motion
between the fluidic channels necessary for the aliquot method
can be conducted by applying vacuum pressure from a pump
(not depicted). The aliquot volume 526 can be defined as the
volume between adjacent receiver channels 522. The number
of aliquots can be defined as the number of receiver channels
522.

The sample volume does not require a precise or accurate
fill in the sample reservoir 516 but may only refine that its
volume exceeds a minimum. For example, the minimum
sample reservoir fill can be about 75 pl., about 100 ul, about
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125 L, or any volume therebetween. In an example embodi-
ment the, the minimum sample reservoir fill volume can be
about 100 pL.

The aliquot mechanism 514 can be adaptable by increasing
or decreasing the number of aliquots accommodated on an
aliquot mechanism 514. For example, the number of aliquots
can be =1, or the total volume may be less than or equal to the
sample volume in the sample reservoir 516 divided by the
aliquot volume.

The aliquot mechanism 514 can be further adaptable by
accommodating different aliquot volumes within a single
aliquot mechanism 514. For example, there may be two or
more different aliquot volumes within an aliquot mechanism
514.

Mixing Sample

Referring to FIG. 4, method 400 can include mixing a
sample with reagents contained within the cartridge 114 in
step 408. Various embodiments of the diagnostic system 110
contemplate mixing a sample with reagents, such as lyo-
philized pellets, stored within the cartridge 114.

FIG. 24A is an illustration of multiple individual cartridge
assay replicates (CARs) 560 to form fluidic channels in a
cartridge 114. In various embodiments, the CARs 560 can be
the same fluidic channels as those used in the aliquoting
method, for example, the primary channels 518, the second-
ary channels 520, the receiver channels 522, or the end chan-
nels 524. FIG. 24A also depicts multiple CARs 560, showing
the precise positioning of the sample in an incubation zone
562 by using the optical sensor 528 to detect a liquid-air
transition.

In various embodiments, a mixing method can be used to
minimize foaming during the rehydration of the reagents or
lyophilized pellets. In turn, the minimizing of the foam can
minimize the variability between assay replicates as well as
between cartridges, thus improving the precision of the diag-
nostic test. Minimizing foam can be accomplished during
rehydration of lyophilized pellets by detecting the leading
edge of a sample with an optical sensor 528 and, once
detected, slowly introducing the sample to the lyophilized
pellet. Obtaining a homogeneous sample before the incuba-
tion ensures the accuracy and the precision of an assay by
allowing the maximum amount of antigen in a patient sample
to bind to the reagents.

FIG. 24B illustrates an example of a CAR 560 within a
cartridge 114. Certain embodiments contemplate a cartridge
114 that can have different geometries in the CAR 560 to
facilitate some mixing movements, such as a back-and-forth
fluidic motion in order to obtain a homogeneous sample
before positioning the sample to an incubation zone. Posi-
tioning the sample to an identical incubation location for each
CAR ensures that the sample in each CAR gets the same
degree of incubation. Certain embodiments provide a diag-
nostic system that can verify the location of the sample by
detecting the leading edge of a sample with the optical sensor
528 before positioning the sample to an incubation zone 562
for each assay replicate.

To minimize foaming during the pellet rehydration, the
leading edge of the sample can be detected with an optical
sensor 528. Once detected, the sample can be slowly intro-
duced to an active mix well 564. To obtain the homogeneous
sample, the sample can be moved back and forth across the
active mix well 564 bottom and the bead capture zone 566 in
order to have the sample fluid pass through different diam-
eters. Fluids that experience diameter changes during flow
result in more homogenous mixtures due to the turbulent flow
experienced by the fluid because of the diameter changes.
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In one embodiment, the active mix well 564 bottom can
have a diameter of about 0.05 in., the bead capture zone 566
can have a height of about 0.02 in., and the wash channel can
have a height of about 0.04 in. To ensure that the sample is
incubated at the identical location in each channel, the leading
edge location of the sample is verified with the optical sensor
528 before positioning the sample to the incubation zone 562.

FIG. 24C shows example dimensions at a bead capture
zone 566 (top view shows width of channel; bottom view is a
cross-section, showing the height). The width of the channel
is identical to the diameter of the bottom of the active mix well
564. In the embodiment depicted, the maximum height of the
bead capture zone 566 can be about 0.024 inch, the maximum
height of the wash channel 568 can be about 0.04 inch, and the
active mix well bottom diameter can be about 0.04 inch. Itis
contemplated that the height and well bottom diameter can
range in sizes and depths depending on the design and con-
figuration of the diagnostic system and these values are not
meant to be limiting.

FIG. 25 is a chart of fluidic actions illustrating where a
sample (of volume of 25 pl) can be located for each process.
The resolution of the fluidic chart is 5 pl. The dotted line in
bold between 5 pl. and 10 pulL in Wash Channel represents the
location of Bead Capture Zone. The shaded cells represent the
location of a sample (25 pl). There are three operations
detailed in the chart that correspond to Tables 1-3 below:
Lyophilized pellet rehydration (has 4 steps/“lines”). Mixing
(has 6 steps/“lines”). Move to Incubation (has 2 steps/
“lines”). The column numbers in the fluidic chart under the
operations, correspond to the Steps in Table 1, Table 2, and
Table 3 below. For example, during the Mixing operation, the
sample (25 pl) can start in a wash channel (15 pl in the wash
channel and 10 pl away from the bead capture zone (Step 1 of
Mixing process)), and can be moved into an) Active Mix well
with the next step (Step 2 of Mixing process)).

Table 1, Table 2, and Table 3 below show a method that can
be used for each objective with a detailed description of each
process given below each Table. The CAR components men-
tioned in the description below are identified in FIGS. 24A
and 24B. The location of the patient sample in each process is
specified in FIG. 25.

TABLE 1

Procedure for Rehydration of Lyophilized Reagents

Steps Procedures

Pump Cycle [150, 10, Aspirate, Stop at OS1 (CAR), 100, 50]
Pump Displace [5, 5, Aspirate, Both]

Pump Cycle [30, 5, Aspirate, Stop at OS1 (CAR), 100, 50]
Pump Displace [5, 5, Aspirate, Both]

Bowro o~

Note:
In the commands above, the first parameter in the parenthesis is the desired volume (in pl) to

be pumped and the second numerical value is the flow rate (ul/sec) at which the volume will
be pumped.

Step 1 from Table 1 commands a pump to aspirate a sample
toward the active mix well until an optical sensor detects the
leading edge of the sample (an air to liquid transition detected
by a sensor measurement difference sited by the fifth param-
eter “~100” when the sensor measurement changes by —100
my or more, indicates that air to liquid transition has taken
place). Step 2 moves the sample further ensuring that the
optical sensor is aligned with the sample fully and not just the
transition, which enables to measure the correct reference
signal for its next detection (liquid to air). Step 3 commands
the pump to aspirate the sample toward and into the active mix
well rehydrating the lyophilized reagents pellets with the
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sample until the optical sensor detects the trailing edge of the
sample. Notice that Step 3 uses a flow rate of 5 ul./sec
whereas the Line 1 utilizes a flow rate of 10 pl./sec. Step 3
introduces the sample slowly into the active mix well in order
to minimize foaming while rehydrating the lyophilized
reagent pellets. Step 4 ensures that the optical sensor is
aligned with air that follows the sample (channel that had
been wet by the sample, but has air now) and takes the correct
reference signal for its next detection.

TABLE 2

Procedure for Mixing

Steps Procedures

Pump Displace [40, 10, Dispense, Both]
Pump Displace [40, 40, Aspirate, Both]
Pump Displace [40, 10, Dispense, Both]
Pump Displace [40, 40, Aspirate, Both]
Pump Displace [40, 10, Dispense, Both]
Pump Displace [40, 10, Aspirate, Both]
Delay [5000] (not shown in the fluidic diagram)

R R N

Step 1 from Table 2 commands the pump to dispense a
sample into a wash channel such that the trailing edge of the
sample moves past the bead capture zone. Step 2 commands
the pump to aspirate and to move the sample across the bead
capture zone back into the active mix well. Notice that Step 1
moves the sample at a flow rate of 10 pl./sec whereas Step 2
moves the sample at a flow rate of 40 pl./sec. Slower flow rate
while moving the sample from the active mix well into the
wash channel (Step 1) was avoided leaving beads on the
active mix well wall. Faster flow rate while moving the
sample back into the active mix well promoted a proper
mixing.

During the mix cycle, a sample moves between an active
mix well 564 and a wash channel 568 across a bead capture
zone 566 and experiences changes in the cross-sectional area,
e.g., from 0.0016 in” to 0.0011 in® between the wash channel
and the bead capture zone and from 0.0011 in? to 0.0016 in>
between the bead capture zone and the mix well bottom.

Step 3 and Step 4 repeat the mixing cycle. Step 5 and Step
6 repeat the mixing cycle but differ in that it aspirates the
sample back into the active mix well at 10 pl./sec, instead of
40 ul/sec, in order to bring back some of the beads that might
have been left in the wash channel during the 40 L/sec aspi-
ration of previous two mixing cycles.

TABLE 3

Procedure for Positioning the Sample to the Incubation Zone

Steps Procedures

1 Pump Cycle [30, 5, Dispense, Stop at OS1 (CAR), -100, 50]
2 Pump Displace [30, 5, Dispense, Both]

Step 1 from Table 3 commands a pump to dispense until an
optical sensor detects the leading edge of a sample. Step 2
positions the sample to the incubation zone. Notice that a slow
flow rate (5 pul./sec) was used to avoid leaving beads on the
active mix well wall.

Method for Detecting Air to Liquid and Liquid to Air Tran-
sitions in a Fluidic Channel

Various embodiments of a diagnostic system 110 contem-
plate methods of detecting air/liquid boundaries used, for
example, in the dividing and mixing methods described
above. Certain embodiments provide a method for detecting
air to liquid (and liquid to air) boundaries in a fluidic channel,



US 9,213,043 B2

37

comprising using an optical sensor (can be the same optical
sensor 528 now used as a reflective object sensor); emitting
light onto a detection spot of a channel with an infrared
emitting diode; and detecting the reflective light with a pho-
totransistor, wherein the emitter and detector are side by side
housed.

Some embodiments also provide a method for measuring
liquid volumes (and air volumes) in a fluidic channel 512,
comprising recording the time when an air liquid boundary
and liquid air boundary passes a detection spot; calculating
the volume of liquid (or air) passing the detection spot based
on the flow rate (pump rate, volume velocity) and time.

Some embodiments provide methods for detecting the
transition of air liquid and liquid air boundaries in a fluidic
sealed channel. Some embodiments use an optical reflective
object sensor 528, properly positioned under the fluidic chan-
nel where the contents of the channel are moving by con-
trolled means like a pump device. The fluidic channel can be
sealed with a clear film, such as, a bottom seal, and it is
contemplated that many different transparent and/or translu-
cent materials can be used. The optical sensor 528 can be
connected to a signal processing circuitry, generating a signal
that is monitored by a microprocessor which timely distin-
guishes air and liquid by the difference in the amount of
reflected light produced by air and liquid.

The sensor 528 can be an optical sensor. For example, one
example sensor 528 may use an infrared emitting diode and a
NPN silicon transistor (NPN is one of the two types of bipolar
transistors with a layer of P-doped semiconductor (the
“base”) between two N-doped layers), a portion of which is
depicted in FIG. 26 A

FIG. 268 illustrates a sensor 528 being used to detect state
transition (i.e., air-to-liquid, liquid-to-wet, where “wet” is
used to define where the content of a channel is air, but the
channel had liquid in there before, or wet-to-liquid). Anillus-
tration of a cross-section of a fluidic channel is depicted in
FIG. 26B. The bottom of the cartridge 14 has a clear film that
is sealed to the body of the cartridge, with a sensor positioned
to the center of a fluidic channel.

FIG. 27 illustrates an example diagnostic system 110 that
can include a cartridge 114 with multiple channels to conduct
similar diagnostics sample preparations or tests. In some
embodiments, only one sensor 528 is used or is necessary, and
a cartridge motion mechanism 720 can move the cartridge
114 to predetermined positions to align the fluidic channels
with the optical sensor 528. The cartridge 114 can be posi-
tioned on a cartridge carriage 722, which can have an axis of
motion along the horizontal. As the cartridge 114 is moved
horizontally, back and forth with the cartridge carriage 722, a
probe assembly 724 can move along a vertical axis to facili-
tate a probe’s 712, 714 interaction with the cartridge 114.

FIG. 28 illustrates an example arrangement between an
optical sensor 528 and a cartridge 114 position on an incuba-
tor 126 of the diagnostic instrument 112. In some embodi-
ments, a cartridge 114 can be placed on an incubator plate 728
and can move on the incubator plate 728 to position the
channels at the bottom of the cartridge 114 such that the
optical sensor 528 can be aligned near a center portion of the
cartridge 114. A printed circuit board 730 under the incubator
plate 728 can be provided to control the surrounding electrical
components. A cartridge 114 can have the ability to run mul-
tiple tests each contained in the fluidic channels. During those
tests, the functionality of air/liquid detection can be used to
verify the location of the fluid within the fluidic pathways and
the volumes of the segments of fluid in the fluidic pathways.

The sensor 528 located at the bottom of the cartridge 114
positioned at the predetermined distance away from the car-
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tridge 114 to allow for monitoring of the contents of the
cartridge 114. Monitoring of the contents of the cartridge 114
can be used for verification of volume, detection of presence
of undesired air bubbles, verification of the location of the
sample, detecting undesired leaks, and/or undesired clogs in
the fluidic channels. A typical output from such a sensor 528
monitoring a fluidic channel in a cartridge 114 can be a
measure of a volume of liquid which is passed.

FIGS. 30A-30C illustrate an example of a sequence of
operations to detect leaks in the fluidic system. This will
further be discussed below with respect to Example 2. In
some embodiments, the ability to detect air and liquid bound-
aries can utilize a combination of hardware and software to
detect air and clogs in a fluidic system, the presence of leaks
and clogs will produce inaccurate results, proper diagnostics
will enable the system not to generate any results, rather than
wrong results.

The example methods can allow for verification of volume,
detection of presence of undesired air bubbles, verification of
the location of the sample, detecting undesired leaks, and/or
undesired clogs in the fluidic channels, which can be used as
a diagnostics mechanism by software to detect undesired
behavior with the system that could produce erroneous results
if not otherwise detected. Detection of the air to liquid and
liquid to air transition can also be used for volume measure-
ment of a liquid volume (more likely a sample that contains
the antigen for detection, which the volume is important in
measuring precise and accurate concentration) by the use of
particular software.

The liquid/air detection methods can be simple and inex-
pensive methods to detect liquid to air and air to liquid trans-
action in a sealed fluidic channel. Fluidic volumes can be
computed and verified by properly detecting the edges of a
liquid volume, e.g., which is being moved by a pump at a
constant flow rate. Air bubbles can be identified in otherwise
expected liquid volumes, and then can invalidate results
obtained from such channel (e.g., if the air bubble is large
enough to have compromised the integrity of the volume).
Bead Washing

Referring to FIG. 4, method 400 can include washing the
sample-reagent mixture in step 410. Various embodiments of
the diagnostic system 110 contemplate washing a sample-
reagent mixture 125 within the cartridge 114.

After the aliquoted sample is mixed with the lyophilized
(otherwise dry) reagents, and incubation of the mixture has
begun, the steps of capturing the beads within the mixture and
washing them for detection may occur next. In particular, the
diagnostic system provides methods for washing off blood or
plasma and free label from beads in a cartridge bead based
assay with no human intervention. This can include, but is not
limited to, methods for washing off a sample (e.g., patient’s
blood, plasma or bodily fluids) and methods of freeing label
from beads that have a specific antigen and label bound to
them.

These methods can increase sensitivity and accuracy by
decreasing the noise in the background, as well as not allow-
ing the rest of the matrix (bodily fluids) from exiting the
cartridge (which contains the sample and reagents) and enter-
ing and possibly contaminating the instrument (performing
the detection). The methods achieve a highly effective wash
method, by capturing the beads to be washed in a magnetic
field, and then passing a liquid-and-air combination over the
beads, in a fluidic channel using a very small amount of wash
liquid.

In certain embodiments, the methods include steps to
remove a patient’s blood or plasma from the beads. For
example, when beads enter the diagnostic instrument 112 for
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detection, no detectable remnants of a specific patient sample
may remain such as to avoid contaminating the diagnostic
instrument 112. In certain other embodiments, the methods
include steps to remove the matrix containing free label that
has not bound to beads, for example, so that they do not
contain relevant information to the measurement, in order to
reduce the background signal generated during the detection
of'the label that has bound to beads. Some embodiments may
wash the patient’s sample oft from the beads, after the binding
reaction is completed, while using a very small amount of
wash fluid.

Other embodiments use a cartridge-based system where all
reagents are housed within the cartridge (e.g., eliminating the
need to use an externally connected reagent apparatus to a
diagnostic instrument). It is advantageous to keep the vol-
umes to be stored on the cartridge small, in a manner such that
the resulting footprints for cartridges and diagnostic instru-
ments are small, such as, for example, in the case of an
diagnostic instrument for a point of care setting. One advan-
tage of some of these embodiments is that it eliminates human
intervention and it allows for a more precise and accurate
measurement hence better diagnostics, by reducing the mea-
surement background.

FIG. 31 shows an example of a mechanism that captures
beads within a sample within a magnetic field created by a
magnet 568 attached to an arm 570 under the cartridge 114.
The probe connected to the inlet of the fluidic system can
pierce the sealed well creating a sealed connection between
the fluidic system and the sample 572. The pump in the fluidic
system can create a negative pressure and can move the fluid
572 across a magnet 568 toward the sealed well.

FIG. 24C shows example dimensions of a wash channel
568 and a bead capture zone 566 with the width of the wash
channel 568 and the bead capture zone 466 being 0.045 inch,
a max height of the bead capture zone 466 being 0.024 inch,
amax height of the wash channel 568 being 0.036 inch. In this
embodiment, a bead capture zone 466 was designed to have a
lower ceiling than the wash channel 568 so that the vertical
distance beads travel during the bead capture process is
shorter at the bead capture zone than at the wash channel. This
promotes more effective bead capturing within a given time.
The same feature proving the diameter changes is used to
facilitate a turbulent flow in order to help suspend the beads in
liquid after they have been washed.

Typically in standard assays, human intervention is used to
wash beads that have been used to form immunoassays.
Beads in a fluidic sample of measurement external to the
“detection instrument” have been washed with buffer in order
to remove the free label and other possible contaminants from
the beads. These human intervention methods require the
transfer of the beads from and to the diagnostic instrument. To
minimize human intervention and allow a more precise and
accurate measurement, the present disclosure provides a car-
tridge-based system, in which the sample is washed within
the cartridge before isolating the washed sample into the
system for measurement.

An example apparatus may use a cartridge 114 that con-
tains a well that is sealed by a septum where the fluidic system
connects to it via a probe. The example apparatus can also
include a fluidic channel that connects the sealed well to a
vented opening, as well as a reservoir for buffer solution. The
cartridge can have a thin film bottom sealing the fluidic chan-
nels as well as allowing the necessary magnetic field to be
applied to capture the beads in the fluid and hold on to them
while they are being washed. The apparatus can also include
a fluidic system that contains an inlet, an outlet, a detection
module, a pump, and tubing connecting these components
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that can generate fluidic motion in the fluidic channels in a
cartridge, as well as aspirate and dispense fluids and air in and
out of the cartridge.

In some embodiments of a diagnostic system 110, a probe
can pierce a sealed well in a cartridge 114 forming a sealed
connection between the sample and a fluidic system attached
to the probe. The pump in the fluidic system creates a positive
or a negative pressure in order to move the sample in a fluidic
channel that connects the pierced well to the vented end 570
in a cartridge. The fluid in the channel contains the sample
(e.g., antigens bound between beads and tag labels), unbound
tag labels, and matrix (e.g., bodily fluids).

As depicted in FIG. 31, an arm 570 with a magnet 568 can
be raised under the cartridge 114 while the fluid 572 moves
across a narrow channel (capture zone 566) where the magnet
568 is in contact with the bottom of the cartridge 114. The
magnet 568 creates a magnetic field capturing the magnetic
beads bound to the antigen within the sample while the
sample is moved at a slow rate across the bead capture zone
566. F1G. 31 shows an example of a mechanism that raises an
arm with a magnet 568 attached to its end to the bottom of the
cartridge 114. FIG. 24C shows a channel with a low ceiling
where the bead capturing takes place. A channel with a low
ceiling reduces the vertical distance beads need to travel
during bead capture process with said capturing mechanism.
Once after the beads are captured in an area, the magnet arm
is lowered such that the magnet 568 is no longer in contact
with the cartridge 114; and the cartridge is moved such that
the inlet is above a buffer reservoir. In the buffer reservoir, the
fluidic system aspirates a staggered combination of liquid and
air and stores them in the tubing. The cartridge 114 is moved
back to the location where the beads are captured 566 and, the
magnet arm is aligned again with the beads when the magnet
568 is raised and contacts the cartridge bottom. The magnet
arm is raised and holds the beads (in the magnetic field) while
the staggered combination of liquid and air is dispensed
across the captured beads washing the matrix and the
unbound tag labels off from the beads.

In certain embodiments, the wash methods can include a
sequence of operations in order to capture and wash the beads
effectively. For example, the magnet can be raised as the
incubated sample, which may contain a patient’s blood or
plasma mixed and incubated with reagents that contain the
beads, flows due to a fluidic system, across a portion of the
channel where the magnet makes contact. Using a pump, the
reagent pack can be aspirated (consecutive chunks of liquid
buffer and air) into the fluidic system (tube) via the probe of
the diagnostic instrument. The composition of the pack can
influence the cleaning quality. The amount of liquid buffer
needed to wash the beads has been determined by the diag-
nostic system, accomplished by having air and liquid combi-
nation in a reagent pack. A liquid air boundary has shown to
be very effective in brushing the surface of the beads.

Using the pump and the fluidic system, the reagent pack
can be able to flow over into the fluidic channel that is sealed
at the probe end and vented on the other side of the patient
sample, while the beads remain held to the bottom of the
cartridge by the magnet. The above sequence can push the
sample away, so that the beads can sit in the clean buffer. The
magnet then can be lowered and a series of push pull action is
applied in the pump (aspirate dispense) that moves the fluid
with the beads back and forth inside the cartridge across the
bead capture zone to re-suspend, into clean buffer, beads that
had been pulled to the bottom of the cartridge. This provides
the washed beads in the clean buffer that now can be aspirated
into the fluidic system to be analyzed in the detection mod-
ule.
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Preventing Reuse of a Single Use Device

FIG. 32 is an illustration of an example of the different
configurations between a vented and unvented diagnostic
system. Various embodiments of diagnostic system 110 con-
template a method of preventing reuse of a cartridge 114.
Some embodiments of the diagnostic instrument 112 provide
methods to prevent reuse of a single use clinical device (i.e.,
a cartridge), for example, by detecting fluid flow characteris-
tics that differ between a used and an unused device. This
contributes to the prevention of false results incurred by inap-
propriate use of a used single use clinical device and also
prevents the time loss incurred by processing an inappropriate
test.

In certain embodiments, detection of a previously used
single use clinical device is accomplished by means of a
pump used to generate a pressure and a pressure sensor to
detect either a vented path that is vented in a used clinical
device but not in an unused clinical device or an unvented path
that would be unvented in a used clinical device but not in an
unused clinical device. This test allows a diagnostic instru-
ment to quickly determine the use status of a clinical device
and to disallow processing of aused single use clinical device.

Some embodiments provide methods of detecting a previ-
ously used single use clinical device, including detecting a
previously used single use clinical device for the purpose of
preventing invalid results. Other embodiments provide meth-
ods of detecting a previously used single use clinical device
by measuring pressure changes and/or methods of generating
a positive or negative pressure and detecting the introduction
of a previously used single use clinical device by changes in
that pressure. Still other embodiments provide methods of
detecting a previously used single use clinical device by use
of'a pump to establish or fail to establish a pressure within the
used clinical device for subsequent measurement. Some
embodiments provide methods of detecting a previously used
single use clinical device by placing a pressure transducer
within the fluidic channel that communicates with a device in
order to measure a change or lack of change in an established
pressure.

In certain embodiments, single use clinical devices have
seals, valves, or other features that control fluidic motion to
enable processing of results whose fluidic flow state is
changed during use; typical of this would be an opened valve
or a pierced foil seal. In some embodiments, when the clinical
device use is completed, a fluidic pathway configuration of a
new device is no longer the same, such as a pierced foil seal or
a valve left closed rather than open. By introducing and
detecting a pressure in a fluidic pathway that should not be
sealed or by failing to introduce a pressure in a fluidic path-
way that should be sealed, a used single use clinical device
can be detected and rejected as not usable thus preventing
invalid results from being presented. FIG. 32 provides an
illustration of an example of an unvented device on left and a
vented device on right.

Certain embodiments provide methods to prevent reuse of
a single use clinical device, for example, (i) by means of a
pressure measurement to detect changes in the device brought
about during use; (i) by means of a pressure introduced into
the used device and detecting a state only present in a used
device; and/or (iii) by means of a pressure transducer to detect
an expected pressure introduced into the used device and
detecting a state only present in a used device.

FIG. 32 illustrates an embodiment that can include a pump
630 in fluidic communication with a pressure transducer 632,
afluidic pathway, in the form of a tube 634, in communication
with a pump chamber and leading to a hollow needle 636,
with which it is also in fluidic communication. A needle 636
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can be provided to pierce a septum 638 on a single use clinical
device 640 thereby creating an airtight seal 642 between the
single use clinical device and the outer surface of the needle
636. Air can be inserted into the single use clinical device by
the pump after which the pressure in the system can be moni-
tored to determine if the pressure is maintained.

Example: Case 1: Detecting a single use clinical device in
which the test chamber is not vented 644 if the single use
clinical device is used. Detection of a maintained pressure is
indicative of a used single use clinical device whereas detec-
tion of a loss of pressure is indicative of an unused single use
clinical device.

Example: Case 2: Detecting a single use clinical device in
which the test chamber is vented 646 if the single use clinical
device is used. Detection of a maintained pressure is indica-
tive of an unused single use clinical device whereas detection
of'a loss of pressure is indicative of a used single use clinical
device.

Undesired reuse of a single use clinical device can be
prevented by means of the detection of pressure changes
and/or pressure status within the device to determine its use
status. In some embodiments, a system is comprised of a
pump 630 capable of pressurizing the single use clinical
device to a level at which pressure level and pressure change
can be detected. A pressure transducer 632 can be used to
monitor the pressure within the pressurized fluidic channels
of'the system. Typically, but not necessarily, a tube 634 can be
used to connect the pump 630 to a hollow needle 636, probe
or fitment (hereafter called needle, but the present disclosure
is not limited to a needle) in fluidic communication to both the
pump 630 and the needle 636. The pressure transducer 632
may be situated anywhere within the fluidic pathway. The
location of the pressure transducer 632 may be within the
pump chamber 632 as long as the chamber is in fluidic com-
munication with the tube 634 and needle 636 during detec-
tion. The needle 636 can be placed in fluidic communication
with a target chamber of the single use clinical device by a
convenient means forming an air-tight connection to the
single use clinical device. Pressure can be introduced into the
chamber of the single use clinical device 642 by means of the
pump 630 or other controlled pressure source and then mea-
sured to determine the state of the pressure over some elapsed
time.

In certain other embodiments, processing of a single use
clinical device can be designed to deliberately leave the
device in a fluidic state other than its unused state. A single
use clinical device can be further designed to allow an air-
tight fluidic connection by the needle 636 for a used single use
clinical device detection. This may be in the form of a vent
which is opened or closed during normal processing or may
be a separate feature designed specifically for use detection
reasons. If the feature is unvented 644 or closed after use, then
pressurization is attempted and then measured, detection of
the established pressure indicates a used single use clinical
device, whereas detection of a loss of pressure indicates an
unused device. Ifthe feature is vented 646 or opened after use,
then pressurization is attempted and then measured. Detec-
tion of the established pressure indicates an unused single use
clinical device, whereas detection of a loss of pressure indi-
cates a used device.

Examples herein are intended to be restricted to a vent and
are contemplated to include that any structure such as a valve,
a pierced membrane, a broken feature, or activation of a
material whose fluid flow properties may be readily changed
would serve the same function.
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Desiccant System

FIG. 33A is an illustration of an example cartridge pack-
aging system, which shows a package 580, a desiccant 582, a
cartridge 114, and an airtight packaged cartridge (after seal-
ing) with desiccant 584.

FIG. 33B shows a path 574 from the ambient air surround-
ing a cartridge 114 to the nearest dry reagent within the
cartridge 114. Various embodiments of a diagnostic system
110 contemplate a desiccant system to for prolonging the
shelf-life of a cartridge and maintain the dry quality of dry
reagents on the cartridge 114.

In the design of cartridges 114, it may be desirable to
lyophilize or dry assay reagents to increase product stability
at room temperature storage. It may also be desirable to
process the assay with a liquid reagent, for rehydration, wash-
ing, or assay processing. In certain embodiments, it can be
advantageous to store both the dried reagent on the same
device as the liquid reagent. The exposure of dry reagent to
moisture from a liquid regent can have the potential to
decrease the stability of the dry reagent and thereby decrease
shelf life of the cartridge 114. A desiccant can be used to
facilitate and maintain the dryness of the dried reagent stored
on the cartridge 114.

As used herein, example can include desiccants can
include any moisture-absorbent material. Desiccants may
induce or maintain a state of dryness by absorbing moisture.
Examples of suitable desiccants include, but are not limited
to, molecular sieves, silica, calcium sulfate, DRIERITE®,
clay, etc. Desiccants can compete with other substances (e.g.,
assay reagents) in the same ambient air for moisture and can
dry or desiccate the other substances.

Examples for using desiccant include providing an
improved method for storing both dry reagents and liquid
reagents with a desiccant on a cartridge 114. This method is
not limited to diagnostic cartridges but lends itself to the
aforementioned issues as well. Some embodiments contem-
plate a method using a desiccant specifically to extend the
shelf life of dry reagents on a disposable cartridge that stores
both liquid and dry reagents where there is a pathway con-
necting the dry reagents and moisture vapors from the liquid
reagents. For example, some embodiments disclosed herein
provide a desiccating system for a cartridge 114 that has both
stored liquids and dry reagents which is able to prevent water
from being absorbed by the dry reagents and for which the
cartridge has an open passageway from the interior location
of the dry reagent to exterior where a desiccant is located.

Some embodiments contemplate keeping the dried
reagents stable in the presence of liquid for a minimum of two
years.

An example cartridge 114 can be made from a Cyclic
Olefin Copolymer, e.g., with the Trade name of TOPAS®.
The MVTR for TOPAS® grade 5013 is about 0.03 g mm/(m>
day) at 23° C. and 85% RH. The cross-sectional area that
water vapor diffuses through is 524 mm? and the wall thick-
ness is 0.047 in. Therefore, the rate of moisture loss can be
calculated to be: [0.03 g mm/(m> day)]{(524x10~° m?)/
(0.047x25.4 mm)=13.2 pg/day.

Accordingly, it can be predicted based on the calculations
above, that to achieve over a 2 year shelf life, a cartridge 114
will release about 87 mg of water. The cartridge 114 can be
sealed in a foil package using DRIERITE® as a desiccant to
absorb this water. There is a path 574 through a needle that
will allow the ambient air (within the foil package) to reach
the dry reagents. The amount of DRIERITE®, for example,
needed to absorb 87 mg of moisture is 1.3 g. If instead, the 87
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mg of water is allowed to reach the dry reagents, such as when
no desiccant is used, the shelf life of the cartridge would be
greatly shortened.

Diagnostic Instrument Overview

The diagnostic system 110 can include a diagnostic instru-
ment 112, such as that shown in FIG. SA. Various embodi-
ments of the diagnostic system contemplate that a diagnostic
instrument 112 can be compact, portable and contain all
mechanical and electrical components necessary to run a
diagnostic test in coordination with a cartridge 114. A car-
tridge 114 holding a biological sample can be introduced into
the diagnostic instrument 112 for detection and analysis of
the sample within the cartridge 114 by components within the
diagnostic instrument 112. The component s and methods
associated with the diagnostic instrument 112 will be
described in more detail in the following disclosure.

The diagnostic instrument 112 is configured to perform the
detection analysis using the highly sensitive and highly spe-
cific electrochemiluminescence (ECL) technology to pro-
duce precise and accurate diagnostic test results in a point of
care clinical setting. The ECL technology has been mini-
mized in size to allow for placement in a POC device for fast,
convenient and more effective diagnosis and treatment. The
mechanisms and components surrounding the detection
analysis will be described in more detail in the following
disclosure.

Example diagnostic instruments 112 can be configured to
perform steps of a diagnostic test in conjunction with a car-
tridge 114 with minimal user input and as part of a diagnostic
system 110. For example, a cartridge 114 with a sample can
be introduced into the diagnostic instrument 112, the diag-
nostic instrument 112 can perform the diagnostic test on the
sample and produce and present results to a user within a short
processing period, for example, in as little as 8 to 15 minutes
for up to ten different tests. The results can be provided
through output devices such as a printer or laboratory infor-
mation management systems (LIMS). The user is not
required to enter much more than some basic patient identi-
fication information and/or select the diagnostic function on
the diagnostic instrument 112.

Itis contemplated that the processing time for an individual
cartridge 114 may be longer, for example, up to 20 or 30
minutes, depending on the number of tests being run on the
individual cartridge 114. If there are fewer tests to be run then
less time may be expected to complete a processing cycle.
The number of tests run on an individual cartridge 114 can
vary as well. For example, a single cartridge 114 can run one
test, two tests, three tests, or five tests, or any number of tests
on a single cartridge 114 for a single processing cycle of the
diagnostic system 110.

Diagnostic Instrument Industrial Design

The designs of various embodiments of the diagnostic
instrument 112 are disclosed in co-pending U.S. Design
application Nos. 29/420,956 and 29/420,965, both filed on
May 15, 2012, each of which is herein incorporated by refer-
ence in its entirety. Images contained within those disclosures
use clinical instruments of a diagnostic system, and designs
thereof, which relay both the function and form, and the
connection between the product, the user, and the environ-
ment. Such images represent some embodiments of instru-
ment, which may be similar or different from the instrument
112 disclosed herein.

Diagnostic Components and a Closed Fluidic Path

FIG. 5B is an overview illustration of a closed fluidic path
710 (see, e.g., 710a, 7105, 710c) between a diagnostic instru-
ment 112 and a cartridge 114 of a diagnostic system 110.
Various embodiments of'a diagnostic instrument 112 contem-
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plate having mechanical and electrical components that are
connected fluidically to a cartridge 114 by a closed fluidic
path 710. For example, the closed fluidic path 710 can fluidi-
cally connect a cartridge 114 via a first probe 712 to optional
features along the closed fluidic path 710, such as a non-ECL
detection module 910 via path 710a, at least one ECL detec-
tion apparatus 1010, a pump 810 via path 7105 and returning
to the cartridge 114 viapath 710c¢ and a second probe 714. The
closed fluidic path 710 provides a pathway through which
diagnostic materials, such as a biological sample and dry and
liquid reagents, can be withdrawn from the cartridge 114, and
can travel through the diagnostic instrument 112. After pro-
cessing, the processed reagents and other waste materials can
be returned to the cartridge 114 using a substantially single
direction of flow (indicated by arrows). This is further dis-
cussed with respect to FIG. 35, which includes another
example fluid path 710.

FIG. 34 is an overview illustration of an example closed
fluidic path between a diagnostic instrument and a cartridge.
FIG. 35 is an illustration showing a cross-section of another
example of a closed fluidic path 710 between a diagnostic
instrument 112 and a cartridge 114. Various embodiments of
a diagnostic system 110 contemplate a fluidic connection
between a cartridge 114 and a diagnostic instrument 112
where at least two probes 712, 714 of the diagnostic instru-
ment engage a cartridge 114. Part of the closed fluidic path
710aq can fluidically connect the cartridge 114 to a non-ECL
detection module 910 and/or an ECL detection module 1010.
Part of the closed fluidic path 7105 can fluidically connect the
detection modules 910, 1010 to a pump 810. Part of the closed
fluidic path 710¢ can fluidically connect the pump 810 to the
cartridge 114 via probe 714. The components that are con-
nected by the closed fluidic path 710 can be configured in
various orders and arrangements depending on the desired
design and function of the diagnostic system 110.

The closed fluidic path 710 of the diagnostic system 110
can be configured to begin and end in the cartridge 114 and to
have a substantially single direction of flow in a pathway
fluidically connecting the diagnostic instrument 112 and the
cartridge 114. For example, in some embodiments, the closed
fluidic path 710 can originate in the cartridge 114 when the
sample is introduced into the cartridge 114 and a septum 438
of the sample receptacle 116 is engaged by the at least one
needle (See, e.g., 428 of FIG. 16A) of the cartridge 114. The
sample can be drawn through the cartridge 114 along the
closed fluidic path 710 and into the diagnostic instrument
112.

in one example as illustrated in FIG. 35, the closed fluidic
path can continue from the cartridge 114 to the diagnostic
instrument 112 where one of at least two probes, a first probe
712, forms a first probe engagement with the at least one
fluidic seal of the cartridge 114, such as the septum seal 350.
From this first probe engagement, the first probe 712 fluidi-
cally connects to a first reservoir 448a (i.e., the reservoir 448
of the RHS 446) of the cartridge 114 to contact reagents
stored within the first reservoir 448a and withdraw them into
the first probe 712. Once the first reservoir 448a is emptied of
the reagents and/or other contents, it is available for use as a
waste reservoir 4485 or can remain empty.

The first reservoir 448a and the waste reservoir 4485 can be
separate reservoirs on the cartridge 114. Alternatively, that
the first reservoir 448a and the waste reservoir 4485 can be the
same reservoir on the cartridge 114. For example, after a first
reservoir 448a is emptied of its contents, that same first res-
ervoir 448a can be used as a waste reservoir 4485 for collect-
ing processed reagents and sample. By using previously emp-
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tied reservoirs for waste containment the overall volume
requirement of the cartridge 114 can be reduced.

Various embodiments of the diagnostic system 110 con-
template a configuration where fluids and liquid and dry
reagents used for the diagnostic test can be stored on the
cartridge 114 within the at least one reservoir 448, such as the
first reservoir 448a. The first reservoir 4484 can contain diag-
nostic reagents or other materials necessary for test process-
ing. The diagnostic system 110 also can be configured so that
at least one reagent and at least one waste material can be
stored on the cartridge 114. It is contemplated that fluids or
dry or liquid reagents are not stored in the diagnostic instru-
ment 112. It is further contemplated that waste materials are
not stored on the diagnostic instrument 112. For example, the
waste reservoir 448b can receive the waste materials, such as
the processed materials, including, for example, at least one
of a processed reagent, a blood filtrate, a processed plasma,
and a processed sample.

In FIGS. 34 and 35, the closed fluidic path is depicted as
three segments, 710a, 7105, 710¢; however, any number of
segments can be used depending on the desired configuration
of components within the diagnostic system 110. The closed
fluidic path 710 can be formed from a single material such as
tubing or other material suitable for transporting fluids. It is
contemplated that the closed fluidic path 710 can be made
from more than one material suitable for transporting fluids,
in addition to or instead of a first material, such as tubing. It
also is contemplated that the closed fluidic path 710 can be
formed from one or more different segments that are con-
nected to form the closed fluidic path 710, such as additional
components in the cartridge 114 or the instrument 112.

It is contemplated that the closed fluidic path 710 may be
formed out of individual components within the diagnostic
system 110 and then connected to tubing in-between compo-
nents. For example, a segment of the closed fluidic path 710
can be formed from the ECL detection module 1010 or the
fluidic channels 512 within the cartridge 114. The segments
can be joined together to seal the fluids traveling through the
closed fluidic path 710. Several suitable materials and mecha-
nisms known in the art can be used to join and seal segments
together.

Some embodiments of the closed fluidic path 710 can have
a diameter that remains constant or that is variable throughout
the pathway, such that the fluid traveling through the pathway
can maintain a desired flow rate as facilitated by the pump
810. For example, the closed fluidic path 710 can have a
diameter that is the same as a diameter of a probe 712, 714. In
the configurations of the closed fluidic path 710 that include
more than one segment, the diameters of joining portions can
be matched at each junction in order to mitigate potential
carryover traps.

Part of the closed fluidic path 710a can carry fluids, such as
processed sample and reagents from the first probe 712 to a
non-ECL detection system 910 and/or to an ECL detection
module 1010. The detection within these components 910,
1010 can be performed without the sample or reagents leav-
ing the closed fluidic path 710. If necessary, additional seg-
ments of closed fluidic path 710 can be included to connect
multiple detection systems. The closed fluidic path 71056 can
carry fluids to a pump 810. The closed fluidic path 710¢ then
can carry fluids to the second probe 714, which may be a
waste probe. The closed fluidic path 710 terminates when the
second (waste) probe 714 forms a probe engagement with the
at least one fluidic seal 350 on the cartridge 114 establishing
a fluidic communication with the waste reservoir 4485 within
which to deposit the waste materials.
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The substantially single direction of flow is depicted by the
arrows in FIGS. 34 and 35. The substantially single direction
of flow and the closed fluidic configuration can serve to
reduce the potential for carryover between tests. For example,
unused or unprocessed materials travel through the closed
fluidic path before the used or processed materials do, thereby
preventing contamination of the unused materials by the pro-
cessed materials within the same closed fluidic path. After a
test is completed, the closed fluidic system can be flushed
with a cleansing reagent or lubricant to flush the pathway for
following tests, reducing cross-contamination with subse-
quent tests.

The substantially single direction of flow reduces the
potential for carryover between different diagnostic tests such
that there is substantially no detectable carryover between
diagnostic tests. The substantially single direction of flow
also prevents carry over between different cartridges used
with the diagnostic system such that there is substantially no
detectable carryover between diagnostic tests of different
cartridges. Opportunities for carryover can be further reduced
by transporting fluids through a single non-branching fluidic
path.

In some embodiments, the pump 810 can provide motive
force for fluidic motion within the closed fluidic path 710,
having a logical entrance and exit for fluidic flow. The oppor-
tunity for carryover increases in the pump 810 as the pump
likely represents a discontinuity in the geometry of the flow
path, therefore maintaining a buffering length of fluidic path
between the detection instruments and the pump, greater than
the volume of any potential backflow is desirable to prevent
carryover. Additional details of the pump 810 components
and mechanisms will follow.

Incubator and Incubation Methods

Example incubators 126 can be provided in order to
achieve the uniform and controlled temperature of the car-
tridge during processing. Positioning of the cartridge 114 can
be important to the proper function and efficiency of the
incubator 126. For example, a majority of the processing of
the sample can occur in the fluidic channels 512 of the car-
tridge 114. In embodiments where the fluidic channels 512
are located near the bottom ofthe cartridge 114, it is important
to position the bottom of the cartridge 114 adjacent to the
incubator 126 for optimal exposure to the incubator 126.

As previously discussed, in some embodiments, the
sample-reagent mixture 125 can be moved to particular
regions of the fluidic channels 512, such as the incubation
zone 562 of the CAR 560, as shown in FIG. 24B, where the
sample-reagent mixture 125 can be located. In this location, a
sample-reagent mixture 125 can be incubated to ensure com-
plete reaction and mixing of the reagents with the antigens in
the plasma. The bottom seal 360 can facilitate in part the
incubation of the sample-reagent mixture 125 in the fluidic
channels 512.

FIG. 36 is an illustration of an example incubator 126 with
a cartridge 114. In some embodiments, the incubator 126 can
be made up of an incubator plate 728, a heater 730 (also
referenced as the PCB), and a sensor 528 that can be inte-
grated into the incubator plate 728 or the heater 730, or at least
near the incubator plate 728 and the cartridge 114. The heater
(or cooler as needed) 730 can be positioned in such a way as
to efficiently and effectively transfer heat to the incubator
plate 728 upon which the cartridge 114 can be positioned. The
notch 454 on the bottom of the cartridge can assist in properly
aligning the cartridge 114 on the incubator 126. The amount
ot’heat generated by and transferred from the heater 730 to the
incubator plate 728 can be adjusted according to predeter-
mined parameters, such as the target temperature of a car-
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tridge, the starting temperature of a cartridge, and the rate or
time within which it is desired to reach the target temperature
of' the cartridge.

Referring to FIG. 28, the spatial arrangement between an
optical sensor 528 and a cartridge 114 as it is positioned on an
incubator 126 of the diagnostic instrument 112 is shown. In
some embodiments, a cartridge 114 sits flat on an incubator
plate 728 and can move on the incubator plate 728 to position
the channels at the bottom of the cartridge 114 such that the
optical sensor 528 is aligned at the center of the cartridge
channel or is aligned with the incubation zone 562.

In some embodiments, a housing (not depicted) may be
used to assist in controlling the temperature around the car-
tridge 114 and incubator 126 during processing. For example,
the housing may be an additional component that forms a
tunnel-like encasing around the incubator. The housing may
be made from many suitable materials such as, for example,
aluminum sheet metal. It is contemplated that the housing can
adopt several different configurations, including shape, size
and materials, to fit within a given diagnostic system 110.

In some embodiments, the sensor 528 can be located at
several varying locations on the heater 730. It is contemplated
that more than one sensor may be incorporated into the incu-
bator 126. The sensor 528 can measure the temperature of the
incubator plate 728 as it is heated by heater 730 or as its
temperature decreases when in contact with a colder car-
tridge.

The sensor 528 measurements can be monitored by the
Central Processing Unit (CPU) (not depicted), and a closed
loop proportional-integral-derivative (PID) control can be
used to maintain the temperature of the incubator 126 at the
target temperature for a period of time. The period of time for
incubation of the cartridge 114 can be equal to or less than the
time it takes to run a complete diagnostic test on the cartridge
114. In general, the incubation occurs as an initial step in the
diagnostic system 110 processing and is used to prepare the
plasma sample for diagnostic measurements within the diag-
nostic instrument 112. Thus, depending on how many tests
are being run off of any given cartridge 114, the time period
for incubating the cartridge 114 will span at least the time of
processing all the tests on a cartridge 114.

For example, the diagnostic instrument 112 can have an
incubator 126 that is integral with the motion assembly 720,
and which facilitates the incubation of the reaction between
targeted antigens in the filtered plasma and beads in the
reagents. Typically, such a reaction proceeds well at tempera-
tures between about 25° C. and about 42° C. and for a period
of time ranging from about 15 seconds to about ten minutes.
However, incubation can occur at hotter or cooler tempera-
tures and for longer or shorter durations of time. It may be
desirable to incubate the filtered plasma and reagents at the
same temperatures for the same duration of time for all car-
tridges running the same diagnostic tests. Therefore, the
parameters of temperature (incubation) and duration can be
predetermined, controlled and altered depending on the
reagents being used and the diagnostic test being run on the
diagnostic instrument.

The starting temperature of the cartridge 114 can be deter-
mined by measuring the temperature with a sensor 528 and a
rate of a heater’s temperature loss when a cartridge 114 is
placed on the heater 730. Usually the cartridge 114 will have
a temperature lower than that of the incubator plate 728, and
the temperature of the incubator plate 728 will be known prior
to positioning the cartridge 114 on the incubator plate 728.
For example, the starting temperature of the cartridge can be
more than about 5° C., more than about 10° C., or more than



US 9,213,043 B2

49

about 15° C. colder than the target temperature and/or the
temperature of the incubator plate.

Once the starting temperature is known, the heater 730 can
supply the amount of heat necessary to incubate the cartridge
114 to the target temperature. The temperature of the heater
730 can be adjusted to control the rate at which the target
temperature is reached. For example, depending on the start-
ing temperature of the cartridge 114, and the desired incuba-
tion temperature (i.e., the desired temperature at which to
incubate the sample-reagent mixture 125, usually 37° C.),
adjustments can be made to the various parameters, including
changing the time that a higher heater 730 temperature
remains applied to the incubator plate 728 to reach the target
temperature and/or changing the incubator plate 728 tem-
perature. The adjustments made to the heater temperature
facilitate a faster rate at which the cartridge 114 can reach the
target temperature, as compared to a cartridge 114 on an
incubator 126 without heater adjustments or as compared to
keeping the heater temperature constant or set to the target
temperature.

Examples 3 and 4, further discussed in the Examples sec-
tion, provide data on different cartridges 114 that were stored
at different temperatures and that were used on the same
diagnostic instrument 112. Example 3 describes the incuba-
tion quality based on the differences in the starting tempera-
ture of the different cartridges.

Example 4 compares boost duration for different cartridges
having different starting temperatures, and measuring the
incubation quality between the cartridges after their incuba-
tion.

Various embodiments of the diagnostic system 110 con-
template methods of temperature control that can facilitate
the temperature of the cartridge to reach the target tempera-
ture in less time than conventional heating. The method of
temperature control can facilitate the temperature of the car-
tridge to reach the target temperature in less than about 5
minutes, less than about 4.5 minutes, less than about 4 min-
utes, less than about 3.5 minutes, less than about 3 minutes,
less than about 2.5 minutes, less than about 2 minutes, less
than about 1.5 minutes, or less than about 1 minute.

In an embodiment, a method of temperature control of a
cartridge comprises measuring with a sensor the starting tem-
perature of the cartridge containing a biological sample and at
least one reagent; adjusting a set of predetermined pre-incu-
bation parameters depending on the measured starting tem-
perature; heating with a heater the cartridge to a target tem-
perature; maintaining the target temperature for a period of
time equal to or less than the time it takes to complete a
diagnostic test; intermittently measuring the temperature of
the disposable cartridge throughout the segment of time of the
diagnostic test to ensure temperature control; and heating at
least a portion of the disposable cartridge to the target tem-
perature when the temperature of the disposable cartridge is
less than the target temperature.

In certain embodiments, the at least one heater and/or at
least one sensor 528 can detect the cartridge temperature. The
heater 730 and sensor 528 can be on a PCB, which is inte-
grated into a motion assembly of the diagnostic instrument
(not depicted). The same sensor 528 can be used to measure
the cartridge 114 temperature and used in the closed loop
control to maintain of the temperature of the cartridge 114.

Alternatively, different sensors 528 can be used to measure
the cartridge temperature and used in the closed loop control
to maintain the temperature of the cartridge 114. The method
of incubation can further comprise repeating the incubation
method for the duration of the diagnostic test until comple-
tion.
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FIG. 37. llustrates example components and feedback
control loops of a multi-zone incubator 740. The multi-zone
temperature control incubator 740 can operate under inde-
pendent control loops 734a, 7345. The incubator 740 can
achieve uniform and precise incubation of a biological
sample within the cartridge 114. The multi-zone temperature
control incubator 740 can provide a more uniform tempera-
ture control along the body of the cartridge 114 by custom-
izing specific portions or zones of the cartridge for tempera-
ture control. This will allow for multiple measurements of the
same sample for multiple tests, by allowing a uniform tem-
perature to be maintained among the multiple measurements.
Using the multi-zone temperature control incubator 740 can
further improve temperature uniformity and precision during
processing and operation of the diagnostic system 110.

In general, a multi-zone incubation can help to reduce
variability along the length of the cartridge 114 based on the
length of a given cartridge 114, and therefore, the number of
tests the cartridge 114 accommodate. It is contemplated that
the length of an incubator 740 can be at least double that of the
length of a given cartridge 114 to allow for maximum move-
ment along the incubator 740 during processing.

In some embodiments, measuring the starting temperature
of the cartridge 114 can be achieved when, after a cartridge
114 can be inserted, the heater 730 is momentarily shut off.
The rate of the incubator plate’s 728 temperature loss can be
computed, for example, by monitoring the same sensor 528
that can be used to control the temperature. The rate of tem-
perature loss is related to the rate that heat transfers from the
incubator plate 728 to the cartridge 114. The rate that heat
transfers from the incubator plate 728 to the cartridge 114 is
related to the temperature difference between the incubator
plate 728 and cartridge 114. By computing the temperature
difference between the incubator plate 728 and cartridge 114
the temperature of the cartridge 114 can be found. Finally,
having determined the temperature of the cartridge 114, the
duration of the Idle (Boost) Target Temperature can be
adjusted accordingly. The incubator can heat up the cartridge
114 by applying a higher incubation temperature set point
than a normal incubation temperature set point for a duration
of time at a location on the incubator 740.

The diagnostic instrument 112 when there is no cartridge
114 inserted, can maintain the temperature of the incubator
plate 728 at an idle target temperature. When a cartridge 114
is inserted into the diagnostic instrument 112 and positioned
on the incubator plate 728, the diagnostic instrument 112 can
start detecting the temperature of the cartridge 114, by mea-
suring with a sensor 528 the rate of the temperature drop of
the incubator plate 728 due to the different temperature of the
cartridge 114. The drop rate (calculated by the CPU) can be
used to determine the starting temperature of the cartridge
114. The drop rate can then be used to select the duration
(from a pre-constructed table or an equation) that the car-
tridge 114 can be kept on the incubator plate 728 at the Idle
(Boost) Target Temperature. This process ensures that the
cartridges, regardless of storage temperatures, will have
reached a similar temperature by the time the sample is ready
to start a reaction with the reagent. Since the cartridge tem-
perature can become the same prior to the beginning of incu-
bation, all cartridges 114 can receive uniform incubation
regardless of their individual storage temperatures.

FIG. 37 is an illustration depicting an example of compo-
nents and feedback control loops of a multi-zone incubation
system. A multi-zone incubator, such as that shown in FIG.
37, allows the diagnostic instrument 112 to heat up the car-
tridge 114 while filtering a sample, for example, without
affecting the temperature of the portion of the incubator 126
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that is not being cooled off by the cartridge 114. With the
single-zone incubator, the incubation plate is controlled by
one sensor and one heater. When the cartridge is not moving
during processing, such as during filtration, for example, the
incubation plate is holding at one constant temperature. This
can lead to unequal, unnecessary or excessive heating
depending on where the cartridge is positioned on the incu-
bator. With a multi-zoned incubator, however, the different
zones are controlled independently of one another to allow for
increased temperature control of the cartridge during process-
ing.

The multi-zone incubation can be achieved by having at
least two separate heaters and/or coolers 730a, 7305 under the
incubation plate 728. Each can have its own temperature
sensor 528a, 528b6. Each can also have its own closed loop
control 732a, 7325b.

During heat up, the cartridge 114 while filtering blood can
be positioned on one of or part of both of the incubation zones
526a, 5265 depicted in FIG. 37, and can remain there during
filtration for a long period of time, for example, up to about
150 seconds. The multi-zone incubator 740 does not require
an added temperature sensor 528 to measure the starting
temperature of the cartridge 114 that is coming into the instru-
ment 112 from its storage temperature. The same temperature
sensor 528, for example, which can be a thermistor 528a,
528b, can be a portion the feedback control loop controlling
the incubator 740 and also can be used for determining the
starting temperature of the cartridge 114.

Internal Standard (IS) Module and Method

Various embodiments of the diagnostic system 110 con-
template a non-ECL detection apparatus 910 for use as a
failsafe mechanism to ensure the precise and accurate func-
tion of the diagnostic system 110. In some embodiments, one
such failsafe mechanism can include an internal standard (IS)
non-ECL detection apparatus 910 to the diagnostic system
110.

FIG. 38A is an illustration of an example of an IS, non-ECL
detection apparatus 910. The non-ECL detection apparatus
910 can include a housing 912 with a tubing assembly 920
within the housing 912 that can carry a sample to be analyzed.
As the sample passes through the housing 912, a laser 924 can
be directed through a filter 926 and the laser light can be
reflected through the sample. The reflected light can be used
to detect the presence of a particular analyte within the sample
as it flows through the non-ECL detection apparatus 910. For
example, an IS can be used within the detection analysis.

An IS can be a substance that can be added in a constant
quantity to samples and calibration standards in an assay or
analysis. An IS can be a substance that is very similar, but not
identical to the substance of interest in the sample. The effects
of assay construction should be the same for the IS as the
substance of interest.

One purpose of an IS is to identify failures that might occur
during assay construction. As such, the method to implement
the IS operates as a failsafe mechanism. Another purpose of
an IS to correct for normal variability in assay construction.
As such, the method to implement the IS operates as a means
to improve precision and accuracy.

Various embodiments of the diagnostic system 110 con-
template a cartridge 114, which can contain all reagents and
materials needed to perform a diagnostic test, such as an
assay. For diagnostic assays based on ECL detection, one
reagent can include beads. This substance can be used in the
method to construct a diagnostic assay. In particular, the bead
surface is the bound phase for a binding assay. For ECL-based
assays, the quantity of label bound to the bead is measured by
ECL detection and the ECL signal to concentration. In this
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aspect, the quantity of beads present during assay construc-
tion is critical to the overall performance of the diagnostic
instrument 112.

For ECL-based assays, assay construction involves various
processing steps. These may include free-bound separations,
which generally consist of magnetic collection of the beads
and bead wash steps. Any variability in the quantity of beads
after such processing is undesired, as this may in some cases
reduce precision and accuracy, in other worse cases cause an
error in the reported result of the diagnostic assay.

In certain embodiments, fluorescent labeled beads are
employed as an IS to prevent errors, and/or improve precision
and accuracy in the reported results for ECL-based diagnostic
assays.

Further, in certain embodiments, fluorescent labeled beads
process identically to ECL labeled beads. As such, any vari-
ability experienced by ECL labeled beads are also found
within the quantity of fluorescent beads. For example, if
during magnetic collection, 95% of the ECL labeled beads in
the sample were captured onto a magnet surface, then 95% of
the fluorescent beads were likewise captured onto the mag-
netic surface. Such a process is non-interfering with any other
measurements or detection that may occur during the diag-
nostic test cycle.

In other embodiments, fluorescent labeled beads are
employed as an IS to measure bead recovery after assay
construction for ECL-based diagnostic assays. Bead recovery
is the relative quantity (or percentage) of beads measured
compared to the quantity of beads intended to be used in assay
construction. For example, if 100,000 beads were initially
contained within the diagnostic instrument, and upon
completion of assay construction, 95,000 beads were mea-
sured, then bead recovery would be 95%.

Bead recovery is derived by comparing the fluorescence
signal from the IS to the fluorescence signal from a standard-
ized quantity of fluorescent beads.

Fluorescent beads can be labeled by coating fluorophore
onto the bead surface. Coating can involve any different
chemical or physical methods. Any one skilled in the art of
conjugation can readily coat beads with fluorophore. Further,
fluorescent beads can be alternatively labeled by incorporat-
ing fluorophore within the interior of the bead. Further the
beads can be labeled by both of the above methods.

IS can include fluorescent labeled beads, or fluorescent
labeled and ECL labeled beads. For example, a sample may
contain a mixture of fluorescent labeled beads and ECL
labeled beads. As another example, a sample may contain
beads with both a fluorescent label and an ECL label on the
same bead.

Example fluorophores can include allophycocyanin (APC)
with an absorption maximum of 652 nm and an emission
maximum 658 nm. Alternatively, the fluorophore can be Sky
Blue (Spherotech) with an absorption maximum of 660 nm
and an emission maximum 705 nm.

The beads can be superparamagnetic beads such as Invit-
rogen™ Dynabeads® M-280 Streptavidin or SPHERO™
Magnetic Particles.

The ECL label can be ruthenium (II) tris(2,2'-bipyridine).

In further embodiments, the diagnostic instrument 112 of
the diagnostic system 110 can include a measurement and
detection module, called an internal standard (IS) module
910, that can be independent and distinct from an ECL detec-
tion module 1010. The ECL detection module 1010 can mea-
sure an ECL signal obtained from ECL labeled beads. An IS
module and IS do not interfere with the ECL measurement. In
other words, the accuracy and precision of other detection
methods, such as an ECL detection method, are not affected
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by the function of the IS module 910 and IS. The IS module
910 may be a device, such as a flow cell, that measures
fluorescence. The IS module 910 may perform a non-contact
measurement to quantify fluorescence, and hence bead recov-
ery. It is contemplated that the IS module can be in a separate
location from the location of the ECL measurement, i.e.,
separate from the ECL detection module 1010.

IS measurement also can occur at different times during an
individual cartridge processing cycle, for example, prior to,
after, or at the same time as an ECL. measurement during an
individual cartridge processing cycle.

No physical contact is made with the sample and inside the
tubing assembly that communicates with the IS module 910,
except for the application of the laser light as the sample flows
through the fluidic pathway or tubing assembly. A fluidic
pathway can include any part of the diagnostic system 110
where fluids can flow and is not limited to a tube structure
such as the tubing assembly. Thus, this can include the fluidic
pathway that can carry the sample through the IS module 910
for detection.

In general, the IS module 910 uses a light source, such as a
laser, laser diode, or light emitting diode to excite fluorescent
labeled beads present within the sample moving through the
IS module. The fluorescent labeled beads emit fluorescent
light that can be accurately measured using a light detector
such as a photodiode or photomultiplier tube. The measured
light fluorescence signal can be compared with the fluores-
cence signal obtained for a known number of fluorescent
labeled beads, and a percentage bead recovery calculated.
Examples 5 and 6, discussed below in the Examples section,
provide examples of how the IS modules 910 can function as
failsafe mechanisms to ensure the precise and accurate func-
tion of the diagnostic system 110.

Referring to FIGS. 38B-38D, various embodiments of the
diagnostic system 110 contemplate a non-ECL detection
apparatus, such as an IS module 910, which can be a flow cell
having a housing 912 with a tubing assembly 920 and at least
one opening 918 in the housing 912 to facilitate the entry and
exit of the tubing assembly 920 to and from the IS module
910, as shown in FIGS. 38A-38C. Within the housing 912 of
the IS module 910, a laser mount 922 can hold a laser 924 and
an excitation filter 926, which can be used to remove light at
wavelengths that may interfere with a fluorescence measure-
ment. The laser mount 922 can also have a small aperture (not
depicted) at one end through which the laser light can exit as
it is guided by a light pipe 928. The light pipe 928 can direct
the laser light to a portion of the tubing assembly 920.

The IS module 910 can also include a first photodiode 936
and a second photodiode 938 connected to and powered by a
PCB 930. When the laser light is incident the tubing assem-
bly, both the laser light and laser-induced fluorescent light can
be detected by the first photodiode 936 and the second 938
photodiodes. Light pipe 928 is secured to laser mount 922
using known fasteners, such as a screw.

The IS module 910 can be formed from housing members
including a housing 912, at least one panel 916 and at least
one cap 914. The at least one cap 914 also is removable to aid
in assembly of the IS module 910. The at least one panel 916
and the at least one cap 914 can be removable and therefore
securable to the housing 912 with standard fasteners. The size
and shape of the housing 912, panel 916, and cap 914 can vary
between different IS modules and depending on the overall
diagnostic system 110 design and function.

When present, the at least one cap 914 can be positioned
over an uncovered portion of the housing 912 through which
the tubing assembly 920 passes. The tubing assembly 920 can
be made of a variety of suitable plastic materials. For
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example, in one embodiment, the tubing assembly 920 can be
made from a clear FEP (fluorinated ethylene propylene) with
an internal diameter of 0.02". The tubing assembly can be
held in place with vacu-tight fittings (not shown) on either
side of the housing 912. To prevent light from entering the
housing 912, black heat shrink (on the probe side) and black
FEP tubing (on the ECL detection side) covers the clear FEP
tubing. It is contemplated that other methods can be used to
light seal the tubing assembly such as applying an opaque
sleeve and coating, painting or tinting the tubing assembly in
opaque light blocking materials. The sizing of the aperture
918 in housing 912 correlates to the size of the tubing. In
particular, the opening 918 is big enough to allow the tubing
assembly 920 to pass through, yet small enough that it can be
easily light sealed with a fitting or gasket.

Alternatively, in some embodiments, underneath the at
least one cap 914, a gasket 942 can be positioned within a
recess of the housing 912. The gasket 942 can be formed to
fluidically seal the tubing assembly 920 as it passes through
the at least one opening 918 in the housing 912. The gasket
942 also functions to form a light tight seal for the contents of
the tubing assembly 920, particularly during the IS measure-
ment.

The housing 912 can be comprised of an opaque material
that is sturdy and supportive. Suitable materials include, but
are not limited to, aluminum, steel, or brass. The inside sur-
faces of the housing can be painted black or coated with a seal
or tint to absorb stray light that may find a way into the IS
module. It is important to have a light tight surrounding to
receive an accurate light reading within the IS module.

The light source can be derived from a laser 924. The laser
924 can fit inside a drilled out cylindrical hole of the laser-
mount 922, which in turn is positioned in the housing 912, an
example of which is shown in FIGS. 38A and 38B. Light from
laser 924 can be filtered using excitation filter 926 which can
beused to remove light at wavelengths that may interfere with
fluorescence measurement. For example, in certain embodi-
ments, before striking the tubing assembly 920, the laser light
passes through a 632 nm band pass filter, light pipe 928 and
exits the IS module through a round 0.06" aperture. It is
contemplated that depending on the fluorophore, different
lasers can be used within the IS module. For example, when
APC or Sky Blue is the fluorophore, the IS module can
employ a 635 nm laser light source.

The PCB 930 can be mounted to the laser mount 922 and
can hold the first and second photodiodes 936, 938 (see, e.g.,
FIGS. 38A and 38B). The first photodiode 936 detects the
fluorescent light. The second photodiode 938 measures the
power of the laser light. FIG. 38C illustrates example first and
second photodiodes 936, 938 that can be mounted on opposite
sides of a detector mount 934 attached to the PCB 930.
Emission filter 940 can be attached to second photodiode 938,
and can be used to remove light of wavelengths that may
interfere with the fluorescence measurement. For example,
emission filter 940 can be a color glass filter, such as, RG695.
The first and second photodiodes 936, 938 are mounted on
opposite sides of the detectormount 934 attached to the PCB.
Both the fluorescent light as well as the laser light can be
detected with photodiodes which converts the light into a
measurable electrical signal through connector 932. As the
laser light strikes the tubing assembly 920 the first photodiode
936 measures and detects the fluorescent light emitted by the
fluorescent beads flowing through the tubing assembly. Con-
currently, the second photodiode measures and detects the
laser light originating from the tubing assembly.

FIG. 38D provides a depiction of optical path of the laser
light within the IS module 910 in an embodiment. The light
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from laser 924 passes through excitation filter (not shown)
and is guided through the light pipe (not shown) onto the
tubing assembly 920 containing the sample. The laser light
beam is incident the tubing assembly at a 45° angle. The
photodiodes are oriented 45 degrees respect to laser beam,
and 90° in rotation with respect to each other around the
tubing. It is contemplated that non-fluorescence detection
methods can be employed within the IS module 910.

ECL Detection Module Overview and Improvements

FIG. 39A is an illustration of a cross-section of an example
ofan ECL detection apparatus 1010. An ECL detection appa-
ratus 1010 may be included within a diagnostic instrument
112 to detect ECL labels on analytes.

The ECL detection apparatus 1010 can include at least two
electrodes 1012, 1014 separated by a gasket 1016 contained
within a base 1018 mated with a top 1020. The ECL detection
apparatus 1010 can be a flow cell that also includes fluid ports
to introduce a fluid for detection and a light source to assist in
detecting a targeted analyte within the sample.

In general, an ECL detection apparatus 1010 can include a
measurement containment area 1015 with at least two elec-
trodes 1012, 1014, a light detection means and at least two
fluid ports to control the ECL reaction, and measure light and
control fluid movements.

Typically, an ECL detection module 1010 can operate as a
flow cell so it may be necessary for fluids to be introduced and
extracted from the measurement containment area 1015 to set
up the ECL reaction and flush out processed or used reactants.
The measurement containment area 1015 can be a sealed
volume with at least two fluid ports that can allow fluids to be
pumped in and out of the sealed volume. An ECL reaction can
be controlled by the spatial arrangement of the electrodes
with an insulator, such as a gasket, so that they remain elec-
trically conductive during the ECL reaction. Electrodes are
often made of metal or other opaque substances, and aper-
tures can be cut in them for the detector to observe light from
the ECL reaction. Because light detectors can be delicate
electronic devices, an optically clear window made of glass,
acrylic plastic or other material can be placed between the
detector and the measurement containment area 1015 to iso-
late and protect the electronics from fluids.

In order to introduce or pump fluids through the measure-
ment containment area, the measurement containment area
1015 should be sealed fluid and air tight to prevent air and
fluid leakage which could result in fluid or air to bleed into the
volume and degrade control of the fluid movements. Air leaks
can also cause air bubbles to form within the measurement
containment area. Air bubbles can change the electrode sur-
face area exposed to fluid and upset control of the ECL
reaction, or can refract light from the ECL reaction and upset
light detection.

FIG. 39B is an illustration of an example ECL detection
apparatus 1010. The example ECL detection apparatus 1010
can include at least two flat electrode surfaces 1012, 1014
separated by an insulating gasket 1016 with an aperture
10164 defining a measurement containment area 1015. The
perimeter of the aperture volume can be sealed fluid and air
tight by gasket 1016. To access this volume, one or both
electrodes 1012, 1014 can have openings for at least two fluid
ports 10185, 1018¢ (permitting fluids to enter and exit the
volume and contact the electrodes) and aperture 1014a for the
light detector window 1022 (permitting light detection). The
at least two fluid ports 10185, 1018c¢ in the electrodes may
also be sealed fluid or air tight. Electrode apertures are com-
monly sealed by bonding electrodes in place with epoxy
cement, acrylic cement or other permanent adhesives.
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After bonding, the entire face of the bonded assembly can
be ground flush, such that gasket 1016 can seal against a
resulting flat planar surface. Typically, these operations are
slow and tedious, and the permanent bond prohibits replacing
worn or damaged electrodes and other components. Thus, the
manufacturability and serviceability of the ECL detection
module would be improved by replacing the permanent bond-
ing operations often necessary to seal the light detection and
fluid port apertures in electrodes with gaskets or some other
repairable means. Such improvements will become apparent
in the embodiments discussed herein.

Accurate and precise ECL measurements require the elec-
trode area exposed to fluid and the electrode gap to be closely
controlled. The area of the exposed electrode can be deter-
mined by the cell gasket cutout. Gaskets are normally made of
compliant materials, and compressing the gasket thickness
between electrodes will distort the unclamped gasket cutout
area, changing the electrode areas exposed to fluid. The accu-
racy and precision of ECL measurements can be improved if
the gasket cutout distortion that results from clamping the
gasket were compensated for in the unclamped gasket cutout,
such that the clamped gasket cutout area is made precise.

Furthermore, if additional compliant gaskets are used to
seal the electrode apertures, compression of these additional
gaskets cannot appreciably shift or alter the electrode spacing
established for the measurement containment area, otherwise
the precision of both the electrode gap and the cell gasket
cutout area could significantly decrease. The accuracy and
precision of ECL, measurements can also be improved if
additional compliant gaskets used to seal electrode apertures
avoid further compression of the cell gasket and avoid chang-
ing the established gap for the measurement containment
area.

ECL detection modules 1010 can use sensitive light detec-
tors to detect low level light signals from ECL reactions. ECL
detection modules 1010 may often be covered with an opaque
case to exclude ambient room light that would otherwise
interfere with the low level ECL light signal. The ECL detec-
tion module 1010 can use fluid and electrical connections to
pass through openings in an opaque case, but these openings
must also exclude ambient light from reaching the detector.
Light excluding features on the opaque case openings often
require bulkhead fittings or connectors mounted to the case
wall, or can use grommets, gaskets or other hardware fitted
tightly to the case wall and components that pass through the
wall.

In addition, commercial tube fittings are primarily
designed for fluid transport and electrical connectors are pri-
marily designed for electrical contact, and these often have
imperfect light blocking capabilities. In such cases, even thor-
oughly opaque and light sealed case openings may still leak
light into the enclosure through the external tubing or elec-
trical connectors.

An ECL detection module 1010 may be simplified and
improved if the opaque case openings for electrical and flu-
idic connections remained light tight without using bulkhead
fittings, grommets, gaskets or other hardware. In addition,
light sealing would be further improved if ambient light leak-
ing through the opaque case openings, tubing, tube fittings
and wire connections were internally blocked from reaching
the detector.

Various embodiments of a diagnostic system 110 contem-
plate a new and improved ECL detection module 1010 for
diagnostic applications. The improvements include, but are
not limited to: (I) improvements in the design and use of
gasket materials by which a precisely sized measurement
containment area 1015 is established in order to increase the
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accuracy and precision of sample measurements; (II) a novel
use of differential compliance to enable mounting and precise
spacing of two or more electrodes while also creating feature
seals to prevent leaking; and (I1I) anew method to accomplish
light sealing of an enclosure by means of a substantially
opaque printed circuit board while at the same time permit-
ting electrical connections and/or the introduction of other
components between the inside and outside of the light enclo-
sure; (IV) a new method to accomplish light sealing of an
enclosure by using an opaque material beneath enclosure
openings, such as, fluidic ports that connect fluidic pathways
inside and outside of the light enclosure.

Accordingly, in certain embodiments, the diagnostic sys-
tem 110 can include an ECL detection module 1010 (which
can be a flow cell) with fluidic and electrical connections to
the closed fluidic path 710 (See, e.g., FIG. 5B). FIG. 39B is an
illustration of an exploded view of an example of an ECL
detection module 1010. FIGS. 39C-39E are illustrations of
cross-sections of examples of examples of ECL detection
modules 1010.

In some embodiments, an ECL detection module 1010 can
include an enclosure made of a top 1020 and a base 1018,
wherein the upper surface of base 1018 can be flat and form a
working surface. The top 1020 can be attached to the working
surface of base 1018, thereby forming a cavity of a precise
height 7.

The ECL detection module 1010 also can have a first
electrode 1012 and a second electrode 1014 that can be
stacked upon each other and separated by a first gasket 1016.
The base 1018 can support the first electrode 1012 and the
electrode/gasket stack. The first gasket 1016 can be suffi-
ciently thick and compliant to require forceful closure of top
1020 onto base 1018 and press electrodes 1012, 1014 firmly
against the cavity walls, thereby creating a precise predeter-
mined separation gap H between the first and second elec-
trodes 1012, 1014.

As can be understood by one of skill in the art, a change in
compliance can be associated with a change in thickness or a
change in hardness between two different materials, or a
change in geometry of the compressed area between two
different materials or two of the same materials. Thus, the
term compliant can refer to the displacement of material for a
given load and it can also refer to the softness of a material
wherein a material can be more compliant due to the material
being softer.

A cut out opening 1014a in the second electrode 1014 can
permit light to pass through the second electrode 1014 during
the ECL measurement. The cut out 10144 in the second
electrode 1014 aligns with a transparent window 1022 in the
top 1020, such that light from the ECL reaction can be mea-
sured by a photodetector 1024. Fluids must enter and exit the
measurement containment area 1015 to setup the ECL reac-
tions and flush the cell of prior reactants. FIG. 39C shows
fluid inlet and outlet ports 10205 and 1020¢ aligned to two
additional apertures 10145 and 1014c¢ in electrode 1014. The
ECL detection module also includes a printed circuit board
1028 that is positioned next to the base 1018 and connects the
components within the ECL detection module electrically.

The first and the second electrodes 1012, 1014 can be made
from a variety of conductive noble metals, including, but not
limited to, platinum, gold, iridium, palladium, osmium, and
alloys thereof. The first and second electrodes 1012, 1014
may also be made of conductive non-metals, such as carbon.
Thetop 1020 can be made from a variety of durable materials,
including, but not limited to, acrylic, polyether ether ketone
and acetal polymers. The base 1018 can be made from a
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variety of durable materials, including, but not limited to
aluminum, copper and stainless steel.

FIG. 39F is an illustration of an example of a gasket 1016
having an elongated cutout 1016a. When a gasket 1016 is
clamped between the electrodes 1012 and 1014, the elongated
cutout 10164 can create a measurement containment area
1015 (i.e., the ECL reaction chamber). The measurement
containment area 1015 may be sealed liquid tight and airtight
by a gasket that is made from a compliant material that seals
against the electrode 1012, 1014 surfaces. Accordingly, gas-
kets can be made from a variety of compliant materials
including, but not limited to, perfluoroelastomers such as
Chemraz 631 or Kalrez 2037, fluoroelastomers, nitrile and
silicone rubbers, and polymers such as polytetrafiuorethylene
(PTFE) and polychlorotrifluoroethylene (PCTFE). Electrode
surfaces are only exposed to chemical fluids within the gasket
cutout 10164, and consequently only this portion of the elec-
trode surfaces are active during ECL reactions.

Consistent ECL reactions and measurements among
instruments can utilize the measurement containment area
1015 geometry and electrode spacing to be uniform and pre-
cise from flow cell to flow cell. When the gasket 1016 thick-
ness T is compressed between the electrodes, the gasket open-
ing 1016a can distort laterally and dimensions [ and W can be
diminished from the uncompressed state. Thus, itis necessary
to control both the gasket thickness compression and the
gasket opening distortion to achieve precise flow cell geom-
etry and electrode spacing. The cavity pocket depth Z in FIG.
39C can be precision machined in base 1018 to ensure uni-
form spacing between the electrodes 1012, 1014 and consis-
tent clamping of gaskets. In addition, the thickness of elec-
trodes 1012, 1014 can be made to precision tolerances.

Compliant materials, when compressed across their thick-
ness, can be spread laterally. Thus, cut-out 10164 can close
down if gasket 1016 is clamped between the electrodes 1012,
1014. Limiting the final clamped dimension of cut-out 10164
requires tight control of the gasket thickness, and can mini-
mize variations of the measurement containment area 1015
geometry. Compliant materials used to create gaskets are
often fabricated from sheets or slabs that are molded,
extruded, calendered or cut into appropriate thicknesses by
slicing or skiving. However, the gasket thickness precision is
generally inferior to the tolerances of other rigid components
used in the system.

Gaskets of varying thicknesses cut to the same inside pro-
file 1016a will, when compressed, result in different-sized
internal areas, which can in turn result in undesirable ECL
signal variations when used in an ECL detection module. It is
desirable to improve the measurement containment area 1015
geometry precision by sizing the gasket cutout 10164 in pro-
portion to the thickness of the gasket, such that when the first
gasket is constrained to a fixed compression distance, the
desired size measurement containment area 1015 can be
achieved. Sizing the inside profile 10164 based on the thick-
ness of the gasket raw material, while taking the compressive
characteristics of the material into account, can result in
maintaining the compressed gasket cutout area to an accept-
able tolerance.

Accordingly, the precise, predetermined size of the sepa-
ration gap H can provide a desired level of accuracy of an ECL,
measurement. The compliant gasket provides expansive force
to maintain a precise distance between the electrodes as is
required in order to obtain precise ECL measurements. As
ECL measurements depend on both the distance H between
the electrodes and the area of the exposed portion of the
electrodes, the cutout in the gasket that forms the measure-
ment containment area 1015 must be precise. In order to
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establish a precise electrode exposure area after compression
of'the first gasket 1016 (as shown in FIGS. 39C and 39D), the
size of the cutout that will form the measurement containment
area 1015 is adjusted based on the thickness T of the raw
material of the first gasket and the compressive characteristics
of the raw material.

FIG. 39C illustrates an example first gasket 1016 that can
seal a perimeter of a measurement containment area 1015
against the electrodes 1012, 1014, but no seal is shown around
the window aperture 1014a or fluid port apertures 10145 or
1014¢ in electrode 1014. These areas can be sealed by
cementing the second electrode into the body with epoxy,
acrylic or other permanent adhesives. The adhering process is
slow, messy, difficult and time consuming. In addition, the
cemented joints erode away during flow cell use, causing the
second electrode 1014 to delaminate or develop leaks and
servicing or replacement of individual components is made
difficult or impossible. Some embodiments do not require
adhesives to create the fluidic seals within the ECL detection
module 1010. These embodiments can also maintain the pre-
cise positioning of the components relative to each other as is
required to make an ECL detection module 1010 precise and
accurate.

FIG. 39D illustrates an example second gasket 1026 that
can back at least one of the electrodes in order to establish
fluidic sealing. The second gasket 1026 can be more compli-
ant than and have a lower compressive force than the first
gasket 1016 so as not to change the separation gap H set for
the first and second electrodes 1012, 1014 by the first gasket
1016. This second gasket 1026 eliminates the requirement to
adhere the electrodes to the enclosure with adhesives such as
epoxy, improving the ease of assembly, the reliability and
longevity of the seal and makes servicing components prac-
tical.

The light levels generated by ECL are low and photodetec-
tor 1024 is very sensitive to light. Thus, in certain embodi-
ments an opaque case (not shown) may enclose the detection
area in part, with the base 1018 to exclude ambient light that
would otherwise interfere with detection of the internal low
level ECL light signals. The opaque case and base 1018 can
have openings for the required fluidic and electrical connec-
tions to the flow cell, and these openings must also exclude
ambient light.

For example, the fluidic openings can be present on top of
the ECL detection module 1010. The fluidic tubing and fit-
tings that fit to these openings can be designed to transport
fluids, and often have limited ability to block ambient light.
Ambient light travelling through the fluidic tubing and con-
nections may enter the ECL detection module 1010 through
the openings, and the opaque top half of flow cell base 1018
blocks this light from reaching the detector.

FIG. 39E illustrates an example of an opaque enclosure of
an ECL detection module can further include at least one
opening 1036 to permit electrical connections to be intro-
duced into the enclosure. The electrical connections 1034 are
provided by the PCB 1028. The PCB 1028 may be made from
an inherently opaque material, or can have an opaque coating
1030, such as solder mask or screen printed layers, on its
surface to prevent light leakage into the enclosure through the
at least one opening 1036. Examples of opaque materials and
opaque coatings include black glass fiber/epoxy laminates
and black matte liquid photo-imageable solder masks meet-
ing IPC SM 840 Qualification and Performance Standards for
permanent solder mask. The printed circuit board 1028 can
also include an internal or external conductor layer which can
further block undesired light entry.
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FIG. 39F illustrates an example first gasket 1016 formed
from a raw material of nominal thickness having a thickness
tolerance of £0.002 in. This depicted first gasket requires that
a different size LxW cutout be made for each 0.001 in. of
thickness variation in order to achieve adequate precision of
the compressed cutout area. Alternately, the LxW cutout
dimensions could vary continuously with the gasket material
thickness deviation from nominal thickness. Gasket material
characteristics and thickness tolerances range widely, and the
particular design requirements of the measurement device
will determine how the gasket cutout dimensions must be
adjusted to achieve adequate precision of the clamped, in situ
gasket cutout area.

There are various configurations that can be used when
constructing an ECL detection module 1010 and those
described herein and depicted in the figures are merely for
illustrative purposes and not meant to be limiting. It is con-
templated that some of the configurations may be combina-
tions of all or part of the embodiments described herein. Some
ofthe various embodiments include an ECL detection module
1010 comprising an enclosure having a top 1020 and a base
1018. A stack is formed within the enclosure with a first
electrode 1012, a second electrode 1014 and a first gasket
1016 sandwiched between the electrodes.

A cavity or gap formed by the pieces of the enclosure can
define the desired gap (Z) in which to house the electrode/
gasket stack, thereby establishing the distance between the
electrodes. The first gasket 1016, made of compliant material,
can have athickness greater than the desired distance between
the first and second electrodes 1012, 1014. A measurement
containment area 1015 of precise size can be defined by a
cutout 10164 once the first gasket 1016 is compressed. The
first gasket 1016 can be fabricated with a cutout 10164 that
has been sized such that the known compression height (Z) of
the electrode/gasket stack and gasket raw material thickness
will produce a measurement containment area 1015 of the
desired size when compressed. The size of the measurement
containment area 1015 is determined by many factors includ-
ing, but not limited to, the thickness of the raw material of the
first gasket 1016 and the compressive characteristics of that
raw material; the cutout geometry and body pocket depth Z. A
transparent window for ECL detection may be provided
through an opening in the second electrode 1014.

Another embodiment provides an ECL detection module
1010 that can include an enclosure having a top 1020 and a
base 1018. A first electrode 1012 forms a stack with a second
electrode 1014 with a first gasket 1016 sandwiched between
them within the enclosure. A cavity or gap can be formed by
apocket in the top 1020, which defines in part the desired gap
(Z) in which to house the electrode/gasket stack, thereby
establishing the distance between the first and second elec-
trodes 1012, 1014. The second electrode 1014 can have cut-
out openings for ECL detection and two fluidic ports. A
second cavity in the top houses a second gasket 1026, which
has openings for two fluidic ports 10205, 1020¢ and a trans-
parent window 1022 for ECL detection in top 1020. The
second gasket 1026 fluidically seals the cutout openings in the
second electrode 1014. The compressive characteristics of
the first and second gaskets 1016, 1026 along with the height
of'the gaps (Y) and (Z) are selected such that the compressive
force of the second gasket 1026 is adequate to create the
desired fluidic seals without displacing the second electrode
1014, and thereby maintains the desired gap between the first
and second electrodes 1012, 1014 created by the first gasket
1016.

Still another embodiment provides an ECL detection mod-
ule 1010 that can include an enclosure having a top 1020 and
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a base 1018. A first electrode 1012 can form a stack with a
second electrode 1014 with a first gasket 1016 sandwiched
between them within the enclosure. A cavity or gap can be
formed by a pocket in the top 1020, which defines in part the
desired gap (Z) in which to house the electrode/gasket stack,
thereby establishing the distance between the first and second
electrodes 1012, 1014. A second cavity in the top houses a
second gasket 1026 which forms fluidic seals to two fluidic
passages. A transparent window 1022 for ECL detection may
be provided through an opening in the second electrode 1014
and the second gasket 1026. Additional gaskets (not shown)
behind the second electrode 1014 may be used to create
additional fluidic seals under the same constraints as the
second gasket 1026. The compressive characteristics of the
first and second gaskets 1016, 1026 along with the height of
the gaps (Y) and (Z) are selected such that the compressive
force of the second gasket and/or additional gaskets are
adequate to create the desired fluidic seals without displacing
the second electrode and thereby changing the desired gap
between the first and second electrodes created by the first
gasket.

Still another embodiment provides an ECL detection mod-
ule 1010 that can include an enclosure having a top 1020 and
abase 1018, and a first electrode 1012 and a second electrode
1014 stacked upon each other with a first gasket 1016 sand-
wiched between the electrodes. The first gasket 1016 can
provide a mechanism to maintain relative positions between
the components within the enclosure. At least one opening
1036 in the base can provide for connections of electrical
connectors 1034 or other components between the exterior of
the enclosure and components within the enclosure. At least
one of the electrical connectors 1034 can establish electrical
contact with the first electrode 1012. A printed circuit board
1028 can form a portion of the light tight enclosure, specifi-
cally around the at least one opening 1036. An inner conduc-
tor layer 1032 within the printed circuit board 1028 can create
a substantial barrier to undesired light, as does screen printed
layers 1030 on the surfaces of the printed circuit board 1028.

Still another embodiment provides an ECL detection mod-
ule 1010 that can include an enclosure having a top 1020 and
abase 1018, where it is a light tight enclosure and a portion of
the enclosure is established by a printed circuit board 1028
used to make electrical connections between components
within and outside of the enclosure. A first electrode 1012 and
a second electrode 1014 are stacked upon each other with a
first gasket 1016 sandwiched between the electrodes. The
printed circuit board 1028 can be made of material that is
inherently opaque or have one or both of (a) a light shield in
the form of either an internal or surface conductor layer, and
(b) alight shield in the form of a polymeric layer on either or
both of the printed circuit board faces where the polymeric
layer is substantially opaque. The resulting enclosure is light
sealed while allowing electrical connections through the
openings in the enclosure.

ECL detection can be a quick and sensitive technique. It
has been described in detail in the following U.S. Pat. Nos.
5,714,089, 6,165,729, 6,316,607, 6,312,896, 6,808,939,
6,881,589, 6,881,536, and 7,553,448, all of which are herein
incorporated in their entirety. It is contemplated that a label is
an ECL label that may be bound to a magnetic bead, and the
presence of the bound labeled molecule is detected by ECL.
ECL signals are generated by a redox reaction between an
ECL label with a substrate. In certain embodiments the elec-
trochemiluminescence label is a ruthenium-containing
reagent. One example of a suitable ECL label is Tris(bypy-
ridine)ruthenium(I1) [Ru(bipy)3]2+, also referred to as TAG.
In certain other embodiments, the substrate is tripropylamine
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(TPA). Some advantages of the method of using ECL-based
assays is they are rapid and sensitive. Example 7 provides
data on assay results obtained from using an ECL detection
module 1010.
Pump Instrument Improvements

Referring to FIG. 5B, a diagnostic system 110 can include
a pump 810. Various embodiments of the diagnostic system
110 contemplate a pump 810 that can be integral in many of
the functions of the diagnostic system 110.

FIG. 40 is an illustration of an example of a pump 810 of a
diagnostic system 110. The pump 810 can include a cylinder
812 with a piston 814 and an inlet 816 and an outlet port 818.
Improvements can be made to a basic cylinder piston fluidic
pump to minimize communication of gases and liquids
between the inlet and outlet ports of a dual-action piston
pump (e.g., a pump in which the piston serves to move fluids
into and out of the chamber and also serves as the means of
establishing communication between the chamber and one of
two or more ports by means of both linear and rotational
action). Because of the properties of the updated design,
improvements are realized in the precision and accuracy of
aspiration and dispensing to and from the pump.

FIG. 41A is an illustration of an example of a pump 810 in
a diagnostic system 110. FIG. 41B is an illustration of a
cross-section of the pump 810 of FIG. 41A. FIG. 41C is an
illustration of a series of cross-section views of an example of
fluidic communications of a pump 810. The pump 810 can
include the cylinder 812, and a bore within the cylinder 812
that can house the piston 814 that serves as a fluid contain-
ment chamber 824 during pumping. The piston 814 can be
cylindrical with the exception of a flat surface. The piston 814
can be rotated such that its flat surface points to the inlet port
816, the outlet port 818, or neither port. Both the cylinder 812
and the piston 814 can be constructed of a suitable material
such as a plastic, ceramic or metal, for example, zirconia
ceramic. The piston 814 can alternatively be made of a mate-
rial with a close thermal expansion coefficient to prevent
binding due to differential thermal expansion. The bore and
piston 814 can be sized to produce a clearance small enough
to prevent liquid leakage but large enough to allow free move-
ment of the piston 814 within the cylinder 812. The portion of
the cylinder bore which is not occupied by the piston 814
creates a fluid containment chamber 824. Motors controlled
by firmware drive the piston linear motion (to aspirate or
dispense) and rotational motion (to connect to a port, acting as
the valve). The electronics or printed circuit board (PCB) in
FIG. 41 A houses a nonvolatile memory which is used to store
measured backlash for each individual pump.

At least one fluidic pathway, including input port(s) 816 or
output port(s) 818, can pierce the wall of the cylinder 812 to
establish communication channels into and out of the cylin-
der 812. The input port 816 and the output port 818 can be
situated diametrically opposed to each other within the cyl-
inder wall. A flat 820 is sized and formed onto one side of the
piston 814, so that when facing a fluidic pathway of choice, a
fluidic communication is established between the fluid con-
tainment chamber 824 and the selected fluidic pathway while
blocking communication to the other fluidic pathway(s).

The piston 814 is sealed to the cylinder 812 by close tol-
erance matching between itself and the cylinder 812 with a
nominal clearance ranging from about 1.75 microns to about
2.75, such as, for example, about 2 microns, or about 2.5
microns. A close fit created by this configuration creates a
substantially watertight seal between the cylinder 812 and
piston 814. Once the gap between the piston 814 and the
cylinder 812 is wetted, the seal becomes airtight. The terminal
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end of the piston 814, the end which faces into the chamber,
is flatted on one side along between about 0.6 in.in. and about
0.75 in.in. of its length.

The flat 820 allows communication between the port 816 or
818 that the flat 820 faces and the fluid containment chamber
824. The small wetted gap between the non-flatted side of the
piston 814 and the cylinder wall can produce a seal preventing
communication of fluid between the fluid containment cham-
ber 824 and that port effectively closing it. As a pressure
differential develops between the fluid containment chamber
824 and the closed port, the wetting fluid between the piston
814 and cylinder 812 becomes inadequate to prevent some
leakage to the closed port. Decreasing the width of the flat 820
increases the distance between the fluid containment chamber
824 and the closed port thereby preventing or reducing the
undesired communication. Using the above design configu-
ration the pump can aspirate or dispense out of either port
without undesired communication with the opposite port.

The sealing distance 822 between the input port 816 or
output port 818 on a commercially available pump 810 may
be as small as 0.006 in.in. depending on the orientation of the
flat 820. In one embodiment, reduction of the size of the flat
820 increases the sealing distance 822 to 0.044 in.in. improv-
ing sealing by a factor of about 7.33. In the some embodi-
ments, rotational positioning of the flatted piston 814 is about
£0.002 in.in. allowing the sealing distance 822 to be as small
as 0.004 in.in., in which case the sealing improves by a factor
of about 10.5 with the reduced width flat 820. It is contem-
plated that the sealing distance 822 can be up to about 0.09
in.in. with an improvement of about 22.25. It is further con-
templated that the flat size could be further reduced, limited
only by the requirement that the cross-section of the flat 820
is not smaller than the cross-section of the port, for example,
816 or 818, in order to not cause pressure restrictions within
the pump chamber.

The flat size is governed by several driving factors includ-
ing (a) the flat 820 being sized to create a path between the
selected fluidic pathway and the fluid containment chamber
824 that has a cross-section that is greater than or equal to the
cross-section of the fluidic pathway so as not to restrict fluid
flow; and/or (b) the flat 820 being sized to maximize the seal
distance between the edges of the flat and the unselected
fluidic pathway(s) so as to prevent undesired communication
of fluids.

The stroke of the piston 814 can be limited so that the
non-flatted portion opposite the flat 820 fails to reach an
unselected fluidic pathway to prevent else unrestricted,
undesired communication between the fluidic pathways from
occurring. It is contemplated that there may be certain cir-
cumstances where this communication may be permitted or
desired, for example, with a flush of the fluidic system during
decontamination.

Due to the geometry of the parts described above, it can be
possible to position the flat 820 of the piston 814 within the
cylinder 812, such that is not in communication with any port
816, 818. This arrangement permits creating a pressure dif-
ferential between the fluid containment chamber 824 and a
non-connected port, preferably while there is a compliant
medium (such as air) in the chamber. Subsequent establish-
ment of communication with a port will generate a burst of
fluid motion into or out of the chamber depending on the
polarity of the pressure. Such bursts can be used for manifold
fluidic motion purposes such as dislodging debris or unclog-
ging fluidic pathways.
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Methods for Calculating and/or Compensating for Backlash
in a Fluidic Pump

FIG. 42 is an illustration of a mechanism depicting back-
lash. Electromechanically driven fluidic pumps, and in par-
ticular, positive pressure piston pumps, have backlash. Back-
lash in mechanical systems sometimes called lash or play, and
is characterized by a clearance region between mating com-
ponents, or an amount of lost motion due to clearance or
slackness when a movement is reversed and contact is re-
established.

For example, when a direction of the pump is changed from
aspirate to dispense or dispense to aspirate, an electrome-
chanical system can drive a piston 814 to start driving the
piston 814 in the opposite direction, but the actual engage-
ment of the mechanism where the piston 814 will actually
move in the opposite direction may be delayed for the back-
lash amount.

As another example, in a pair of gears 4210, 4220 backlash
4230 is the amount of clearance between mated gear teeth
4210, 4220. In FIG. 42, a first gear 4210 and a second gear
4220 are provided. First gear 4210 contacts second gear 4220
at a contact surface 4240. When the first gear 4210 changes
direction and starts moving clockwise, for the distance of the
motion that is equal to the backlash amount 4230, second gear
4220 may not move. Second gear 4220 may start moving once
the first gear 4210 has moved the backlash amount 4230 and
starts making contact with the second gear 4230.

A pump 810 can have multiple mechanical interfaces,
including but not limited to gears and couplings, any or all of
which may contribute to the total backlash 4230 between the
motor and the piston 814. When the direction of the pump 810
is changed from aspirate (taking fluid/air in) to dispense
(pushing fluid/air out) or dispense to aspirate, the electrome-
chanical system that drives the piston 814 will start driving
the piston 814 in the opposite direction, but the actual engage-
ment of the mechanism where the piston 814 will actually
move in the opposite direction may be delayed for the back-
lash amount 4230.

Measuring the backlash amount and adding the backlash
amount to the desired volume to compensate for the backlash
is a common approach used to compensate for the backlash.
However, systems have relied on indirect measurement of the
motion of the piston, rather than the direct. Indirect measure-
ments are likely to be less accurate than direct measurements.

FIG. 41B illustrates a pump/piston arrangement that has no
valves. As illustrated, the ports can be sealed off in order to
facilitate the measurement of the backlash. Motors controlled
by firmware drive the piston linear motion (to aspirate or
dispense) and rotational motion (to connect to a port, acting as
the valve). The printed circuit board (PCB) in FIG. 41A
houses a nonvolatile memory which is used to store measured
backlash for each individual pump.

Various embodiments of the diagnostic system 110 con-
template methods for measuring and, optionally, then com-
pensating for the amount of backlash from motor driven fluid
pumps. These methods achieve a highly accurate backlash
measurement, by monitoring the changes in pressure occur-
ring in the pump chamber when changing directions, process-
ing the data in firmware and calculating the amount of back-
lash, and then using the calculated backlash under regular
operation when direction is changed. The pressure measure-
ment system described herein is sensitive to detect a pressure
change in the chamber for the smallest pump motion, there-
fore the backlash measurement is very accurate. Indeed, driv-
ing the backlash amount from pressure changes is highly
accurate and superior to existing methods since it is a direct
measure of the fluid that is pumped when the piston direction
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is changed. Also provided in the present disclosure is an
integrated electronics housing a non-volatile memory pack-
aged with the pump, eliminating the need to recalculate back-
lash when a pump assembly is replaced in an existing instru-
ment.

Some embodiments provide a method to calculate accurate
pump backlash. Accurately measured and compensated back-
lash can yield to accurate volumes pumped even after chang-
ing the direction of pumping. Some embodiments retain the
calculated backlash with the pump in electronic memory
instrument, such that when a pump is replaced in the diag-
nostic instrument in the field, the measurement does not have
to be repeated, which will save time and make it easier to do
field repairs. Example 9 describes the effects of compensating
for the amount of backlash in a pump and showing the
improvements made after compensation.

Some embodiments provide a fluid pump 810 for use in
high performance systems, such as in diagnostic systems,
using micro fluidics and volumes in the micro liter range,
where moving fluidics directly or moving air in a closed
system in order to move fluidics and position the fluidics
accurately while changing direction having a piston movable
in a chamber for drawing air or fluid into, pressurizing, and
delivering the pressurized air or fluid from the chamber. For
example, in FIG. 41A, a pressure transducer 826 can be used,
directly connected to and measuring the chamber pressure.
Electronics 828 can be used to process the signal generated by
the pressure transducer 826 and feed it to a microprocessor.
The pump motion can be driven by firmware. The firmware
can convert the requested volume to be pumped into electrical
signals, which through driver electronics and mechanicals,
drive the piston.

An embodiment provides a method of backlash calculation
wherein the pump inlet and outlet can be closed such that the
chamber is connected to neither the inlet nor the outlet (or if
a syringed type piston, only the inlet). The piston can be
moved in one direction, and since the chamber is closed,
pressure (or vacuum) can build up in the chamber. Once this
is established, the motion can be stopped, and a pressure
measurement can then be stored by the system. The direction
can be changed and the system can be driven to move the
piston in the opposite direction while monitoring the pres-
sure. This motion can be as resolute as possible. The pressure
does not change direction until the backlash amount is moved
and until the piston has actually started moving in the oppo-
site direction. The amount of volume pumped until the pres-
sure change in the other direction occurs is the backlash
measured. The data to determine the backlash can be ana-
lyzed by the microprocessor that is generating the sequences
to move the pump to enable the measurement. The micropro-
cessor then will store the measured backlash onto a non-
volatile memory being housed by the electronics that are
packaged with the pump. Every subsequent request of the
pump motion will compensate by moving the piston more
than the requested amount by the backlash amount, only for
the first pump motion after a direction change.

In an example of an automated implementation of the
backlash measurement it can be assumed that (a) a valve or
other means exists such that the pump chamber can be either
vented to the ambient environment (open) or sealed (closed)
under the control of firmware; (b) the pump piston can be
moved within the chamber under the control of firmware; and
(c) a pressure transducer exists such that the pressure in the
chamber can be sampled periodically by firmware. The pro-
cedure consists of three phases: 1) setup, 2) data capture, and
3) analysis.

25

30

40

45

66

The setup phase moves the piston to a desired initial loca-
tion and vents the chamber such that the initial pressure is
ambient (zero). The procedure in one embodiment includes
the following steps: (1) Set the valve to the “open” position;
(2) Set the piston to the initial location (near the fully aspi-
rated position); (3) Pause to allow the chamber reach ambient
pressure; and (4) Set the valve to the “closed” position.

During the data capture phase, pressure samples are cap-
tured and stored into memory at a fixed rate while the piston
is moved through a sequence of operations. This sequence in
one embodiment is (1) Repeat the following for N iterations;
(2) Move the piston x distance in the dispense direction; and
(3) Move the piston x distance in the aspirate direction. Each
operation in this sequence can commence immediately fol-
lowing the completion of the previous operation.

During the analysis phase, the captured pressure data is
processed to produce the desired output: the pump backlash.
FIG. 43 A shows a pressure measurement data for an example
pump. The piston position plot shows the expected piston
position if the backlash was equal to zero (ideal pump). Start-
ing at time t=[1, 2, 3] seconds, there are time periods in which
the motor driving the piston is moving but the pressure is not
changing at the expected rate. The duration of one of these
periods (in seconds) multiplied by the flow rate (in pl/s)
equals the backlash (in pL). The duration of each backlash
period is the distance between the locations where there is a
step change in the slope of the pressure signal. These loca-
tions can be easily obtained by taking the second derivative of
the pressure signal and looking for local maxima. A plot of the
second derivative of the pressure signal in FIG. 43 A is shown
in FIG. 43B. The pressure signal measured in F1G. 43B can be
used to calculate the backlash correction by getting maxi-
muny/minimum marks on derivative graph and then translat-
ing those values to firmware to direct pump how to compen-
sate. For N cycles, 2*N backlash measurements are produced.
These can be averaged to produce a single value that is used
to compensate for backlash during pump operations.

Further detailing the analysis of the pressure signal in FIG.
43A, the procedure is as follows. 1) Compute the second
derivative of the pressure signal to produce the output shown
in FIG. 43B. The first derivative is found by computing (PD1
(n)=P(n)-P(n-1)) for each n where P is the pressure, PD1 is
the pressure first derivative, and n is the sample number. The
second derivative is produced by computing (PD2(n)=PD1
(n)-(PD1(n-1)) for each n where PD?2 is the pressure second
derivative. 2) In the second derivative data, find the first two
negative local maxima that exceed a given threshold. 3) The
time difference between these two maxima is At1. 4) Starting
after the second negative local maximum, find the next two
positive local maxima that exceed the threshold. 5) The time
difference between these two maxima is At2. 6) Starting after
the second positive local maximum, find the next two nega-
tive local maxima that exceed the threshold. 7) The time
difference between these two maxima is At3. 8) Compute the
average of the three At measurements. 9) Multiply this aver-
aged value by the flow rate (in ul./s) to produce the measured
backlash value (in pL.).

If the pressure signal contains random noise which is sig-
nificant compared to the slope of the pressure changes, com-
puting the second derivative using the above procedure may
not produce clearly distinguishable local maxima. In this
situation, a remedy is to compute the derivative as (D(n)=X
(n)-X(n-m)) where D is the derivative output, X is the input
data, n is the sample index, and m is a constant offset >1. m is
selected as the lowest integer that produces clearly distin-
guishable local maxima. During normal operation, backlash
compensation is performed by firmware in response to com-
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mands to move the pump piston. When the piston is com-
manded to move opposite the last direction, the backlash
distance is added to the commanded distance and the motor is
driven by this amount. This causes the piston to move the
desired distance and displace the desired volume.

Commonly a pump will be commanded to aspirate a given
volume at a given flow rate. For relatively low flow rates, the
backlash compensation period may be large enough to cause
the actual flow rate to be significantly lower than the com-
manded flow rate, even though the total volume is correct. In
such a case, it is desirable (because it will be faster and save
time) to compensate for the backlash using a higher velocity
than the commanded flow rate and then switch to the com-
manded flow rate. Also in this case, the pump can be made to
perform in the same way as a pump with no backlash at all
flow rates.

FIG. 41A illustrates an embodiment of a pump 810. The
central processing unit (CPU) 830 of a microprocessor which
performs the backlash measurement uses one sensor input
and three control outputs. As shown in FIG. 41A, the input (1)
connects to the pressure transducer to collect the pressure
data used to measure the backlash. Output (2) controls the
piston rotation and is used to control whether the chamber is
vented to ambient pressure or sealed. Output (3) connects to
the nonvolatile memory and is used to store the computed
backlash. Output (4) controls the piston linear motion and is
used to move the piston in an iterative dispense/aspirate
sequence while the pressure data is collected.

In still other embodiments, as an alternative to measuring
the backlash as an independent activity, the backlash can be
measured and compensated for every time there is a change in
direction while running the pump. The measurement method
can be the same as previously described. In particular, the
pressure of the pump would be monitored while pumping in
the direction requested. When the reverse direction pumping
is requested, the pump would be directed to move in the
reverse direction, while monitoring the pressure at the same
time. The pressure should not change while the pump is
experiencing the backlash amount. That amount can be mea-
sured via monitoring of the pressure transducer, and then that
can be added on to the requested volume in order to compen-
sate for the backlash.

Advantages to this alternative method include that in some
pumps, the backlash amount experienced may be different
and may depend on where the piston location is. That is, in a
pump that has a total volume of 1000 pl, if the direction is
changed after having pumped 800 pl, the backlash amount
may be different than if 500 pul was pumped instead. Measur-
ing the backlash amount independently can only occur at
certain piston positions. Compensating for the backlash at
any piston position with the measured backlash amount will
not be as accurate (if the pump has backlash that depends on
piston position). Measuring the backlash every time the pump
changes direction (no matter what the piston position is), and
compensating with the measured backlash can be more accu-
rate and will not depend on the piston position.

Pump Storage Fluid

Various embodiments of a diagnostic system 110 contem-
plate a pump storage fluid stored on the cartridge 114 for use
in-between diagnostic tests. Pump designs based on close-
fitting ceramic-on-ceramic piston and cylinder sets (such as
IVEK’s rotary/reciprocating Metering Pumps) are highly
susceptible to freezing, seizing or stiction. During periods of
non-use, residual liquid inside the pump (dead volume) may
evaporate if allowed to dry out (open to ambient) and leave
behind solids. These solids, while possibly very low in con-
centration or mass, may increase significantly the friction
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between the piston and cylinder. Under such conditions, the
piston motion becomes frozen. This may require complete
disassembly and cleanup of the pump. Additionally, this may
cause mechanical breakdown of the coupling mechanism
between the piston and motor.

A pump storage fluid can prevent and/or inhibit the forma-
tion of solids between a piston and cylinder by, for example,
not evaporating and/or by solubilizing any residual salt or
solids present in the dead volume of'a pump. This non-volatile
liquid can act as a lubricant for the seal or tight fitting piston
and cylinder set of a pump within the diagnostic instrument.
Stiction can be avoided because lubricant persistently fills the
gap between the piston and cylinder. In this manor the pump
storage fluid prevents the pump seals or tight fitting piston and
cylinder set from drying out and therefore prevents freezing,
seizing, or stiction. The pump storage fluid is also referred to
as pump storage liquid and pump prime fluid.

The pump storage fluid can be used to provide a clinical
laboratory instrument which is free of normal user mainte-
nance or free of or has reduced mechanical breakdown (re-
lated to the pump) is an improvement. Normal user mainte-
nance that may be eliminated includes operations that service
a pump such as requiring the instrument operator to flush
liquids and/or empty waste containers. Eliminating user
maintenance saves operator time, and therefore lower costs.
Eliminating components from an instrument such as liquid
loops from an instrument reduces costs.

Additionally, the present disclosure provides a pump stor-
age fluid which enables the pump to recover from storage
without wetting the seals or tight fitting piston and cylinder
set. The minimum amount of pump storage fluid required to
protect a pump can be very low, e.g. 1 nl.. The pump storage
fluid can be present in an amount ranging from about 1 nL to
about 2 nL, from about 1 nL to about 1.5 nL, or from about 1.5
nl. to about 2 nL.. The minimum amount of pump storage fluid
required to protect the pump depends on the gap volume
between the piston and cylinder set. For example, a one in.
diameter piston and one in. length chamber with a 2 micron
gap between piston and cylinder has a gap volume of 4 plL..
This is the minimum amount of pump storage fluid required to
protect such a pump.

The pump storage fluid can be stored on the cartridge ofthe
diagnostic system and used at the end of the each cartridge
run. After proper application of a pump storage fluid of the
invention, the pump does not require a liquid loop, and can be
allowed to dry out (e.g., pump internal volume open to ambi-
ent) without risk of freezing, seizing or stiction. Upon re-start,
the pump rapidly returns to its original performance. (See
Example 10).

IVEK Corp. produces and sells ceramic positive displace-
ment pumps with adequate volume metering precision and
accuracy. The pumps are valve-less with close-fitting
ceramic-on-ceramic piston and cylinder set. IVEK Corp.
states in its use instructions that ceramic piston/cylinder sets
are sensitive to neglect and may freeze if allowed to dry.
Further, IVEK Corp. recommends the pump to remain wet at
all times by means of liquid loop. If allowed to dry out,
disassembly and cleaning of the pump is usually necessary.
These manufacturer’s storage options/requirements render
its pump unsuitable for a clinical instrument designed for no
or little user maintenance.

In some embodiments, a pump storage fluid of the inven-
tion contains a non-volatile, water soluble, salt solubilizing
liquid that lubricates close-fitting ceramic-on-ceramic piston
and cylinder set pumps. In some embodiments, a pump stor-
age fluid is comprised of 30% by weight of diethylene glycol,
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69.99% by weight of water, and 0.0013% by weight of PRO-
CLIN® 200 (anti-microbial agent).

In some embodiments, a pump storage fluid is comprised
of a lubricant such as diethylene glycol. The lubricant can
comprise an ethylene glycol, including, but not limited to,
ethylene glycol, diethylene glycol, triethylene glycol, tetra-
ethylene glycol, polyethylene glycol or any combinations
thereof. In some embodiment the lubricant can comprise a
propylene glycol, including, but limited to propylene glycol,
dipropylene glycol, tripropylene glycol, tetrapropylene gly-
col, polypropylene glycol or any combinations thereof. In
some embodiments, a lubricant is comprised of glycerine.
The lubricant can comprise both glycerine and glycols. In
some embodiments, a pump storage fluid comprises between
5 and 95% by weight of lubricant. The pump storage fluid can
contain water to reduce viscosity. The pump storage fluid can
contain at least one anti-microbial agent or does not contain
an anti-microbial agent.

In one embodiment, a pump storage fluid has at least one of
the following properties: (1) Liquid at the operating tempera-
ture; (2) Low vapor pressure—does not evaporate; (3) Water
soluble—readily flushed out of pump; (4) Solvent for residual
salts or other solids within the pump dead volume; (5) Low
surface tension—wets and fills gap between piston and cyl-
inder; (6) Low viscosity—does not slow down fluid motions;
(7) Chemically stable when inside pump or stored in inter-
mediate containers; (8) Does not react with fluids for decon-
tamination; (9) Chemically compatible with exposed materi-
als; and (10) Does not interfere with adjacent operations. In
some embodiments, a pump storage fluid has all of the above
properties.

Some embodiments enable the use of a piston and cylinder
type pump in a clinical instrument which has no installed
liquids such as priming fluids, waste, wash liquids, cleaning
liquids, or liquid loops. Some embodiments prevent
unwanted freezing, seizing, or stiction of a piston and cylin-
der type pump, e.g., for up to six months, up to 9 months or up
to 1 year periods of non-use. Some embodiments prevent
unwanted freezing or seizing of a piston and cylinder type
pump by the use of a pump storage fluid. Some embodiments
provide a storage liquid for the pump which is chemically
compatible with the parent instrument including the pump.
Some embodiments provide a storage liquid which is chemi-
cally compatible with its intermediate storage container, e.g.,
a plastic clinical instrument. Some embodiments provide a
storage liquid which also is suitable for priming a piston and
cylinder type pump. Some embodiments provide a storage
liquid which is operable at small volumes such as 1 nlL..
Failsafe Mechanisms

Various embodiments of the diagnostic system 110 con-
template failsafe mechanisms that can prevent a user from
selecting a mismatched cartridge for the selected diagnostic
test, prevent use of an already used cartridge or a cartridge
with a broken fluidic seal, or prevent processing of cartridges
after undue delays from the start of a diagnostic test.

Referring to FIG. 5A, the diagnostic system 110 can
include for an external scanner 122, such as that depicted in
FIG. 5A, that can be used to read one or more of the optical
machine-readable labels 118, such as a bar code. In some
embodiments, the user can scan optical machine-readable
labels 118 on the sample receptacle 116, the cartridge 114
and/or the packaging or packaging inserts prior to introducing
the cartridge 114 into the diagnostic instrument 112. With that
information stored, and after the user introduces the cartridge
114 into the diagnostic instrument 112, the diagnostic instru-
ment 112 can detect whether the cartridge 114 that the user

10

15

20

25

30

35

40

45

50

55

60

65

70

introduced into the diagnostic instrument 112 was the iden-
tical cartridge 114 that the user intended to run in the diag-
nostic instrument 112.

Other embodiments provide a mechanism to detect
whether a cartridge 114 has expired after it has been removed
from its package, and scanned by the user. For those car-
tridges that have an opened package expiry limit, the optical
machine-readable labels 118 can provide information about
the expiration dates for a given cartridge 114 and once
scanned, the diagnostic instrument 112 can detect whether the
said time has expired or not, when the user inserts the car-
tridge 114 into the diagnostic instrument 112. The diagnostic
instrument 112 can alert the user to not proceed with the test
if the cartridge 114 is expired. The alerts to the users can be
transmitted through the user interface 122 or can be an
audible warning signal.

The diagnostic instrument 112 can be equipped with a
computer code scanner, such as a barcode scanner, or an
external scanner 120, that can scan the cartridge(s) outside of
the diagnostic instrument 112, and a computer system run-
ning software that interacts with the barcode system and with
the user through a display (not shown). In some embodi-
ments, a cartridge 114 is removed from a protective package,
and scanned by the diagnostic instrument 112. The diagnostic
instrument 112 upon scanning and decoding the bar coded
information will direct the software appropriately to display
the cartridge information read from the barcode.

FIG. 44 is an illustration of an example failsafe mechanism
capable of verifying that a cartridge 114 introduced into a
diagnostic instrument 112 is used within a recommended
time limit after a first scan of the cartridge 114 outside the
diagnostic instrument 112. In some embodiments, the diag-
nostic system 110 can include the use of a secondary barcode
reader, or an internal scanner 121, that can be situated inside
the diagnostic instrument 112, and can be aligned to read
optical machine-readable labels on the disposable cartridge
114, e.g., to compare via software with the previously read
optical machine-readable label (from outside) before starting
the processing of the cartridge 114. This operation can be
done without user input or awareness, except when an incon-
sistency is detected with the cartridge that is scanned outside
and with the one scanned inside, at which time the user is
alerted.

In various embodiments, a software timer can be used to
measure the time from an initial scan of a cartridge to a second
scan inside the diagnostic instrument. The software timer can
be checked to ensure that the cartridge has been used within a
recommended time limit after the first scan.

Instrument Software Steps

Various embodiments of the diagnostic system 110 con-
template software programs that can control the electrical
functions of the diagnostic system 110. Simple software
guided workflows can be used, such as a simple start-up
sequence set forth in FIG. 45. In some embodiments, upon
daily power-up and prior to running each sample, a system
completes a self-test and system is ready for use upon suc-
cessful completion of these routines.

The operational specification describes the sequence of
events that must occur in the course of a test cycle. For
assaying an enzyme in a sample of blood or blood derivative,
this specification discloses the following method: introducing
the sample into a cartridge, metering of a portion of the
sample, moving the metered sample with reagent at the analy-
sis location, positioning the reacted sample at a sensor, and
detecting the product of the reaction using a sensor.

The performance specification sets the criteria for param-
eters such as the range of results that will be reported, the
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necessary accuracy and precision of the test, and the accept-
able operating conditions. The test results must match the
sensitivity and range of the commonly accepted coagulation
tests and must do so with comparable or better precision.
Furthermore, as a point-of-care instrument may be operated
by non-technically trained personnel, the instrument software
must detect any cartridge errors that do occur.

Additional steps for testing venous wperforationperfora-
tion blood patient samples are shown in FIGS. 46A and 46B.
Other sequences and options are possible and the following
should be considered only as examples. An operator can draw
blood into a blood tube using standard practices. In the instru-
ment-driven mode, the operator (in either order) inserts the
blood tube into the cartridge and enters the patient ID and
operator ID into the diagnostic instrument. The operator can
then insert the cartridge into the diagnostic instrument. The
diagnostic instrument, after reading the panel information
from the cartridge, may ask the operator to confirm the panel.
Afterwards, the sample is processed and results are presented,
for example, in roughly 15 minutes. In the laboratory infor-
mation system (LIS)-driven mode, the diagnostic instrument
is told the panel on the cartridge and the patient ID from the
LIS. The diagnostic instrument, after the operator enters the
patient 1D, tells the operator which cartridge to use. The
operator inserts the blood tube into that cartridge and inserts
it into the diagnostic instrument. The diagnostic instrument
confirms the correct cartridge is used, processes the sample,
and presents the results.

All publications, patents and patent applications men-
tioned in this disclosure are herein incorporated by reference
in their entirety into the specification to the same extent as if
each individual publication, patent or patent application was
specifically and individually indicated to be incorporated
herein by reference. Also incorporated by reference is any
supplemental information that was published along with any
of the aforementioned publications, patents and patent appli-
cations. For example, some journal articles are published with
supplemental information that is typically available online.

Citation or discussion of a reference herein shall not be
construed as an admission that such is prior art to the present
invention.

It is contemplated that any method or composition
described herein can be implemented with respect to any
other method or composition described herein. The use of the
word “a” or “an” when used in conjunction with the term
“comprising” in the claims and/or the specification may mean
“one,” but it is also consistent with the meaning of “one or
more,” “at least one,” and “one or more than one.” The use of
the term/phrase “and/or” when used with a list means one or
more of the listed items may be utilized, e.g., it is not limited
to one or all of the elements.

As used herein the transitional term “comprising” is open-
ended. A claim using this term can contain elements in addi-
tion to those recited in such claim. Thus, for example, the
claims can read on methods that also include other steps not
specifically recited therein, as long as the recited elements or
their equivalent are present.

The following examples are merely illustrative and not
intended to be limiting.

EXAMPLES
Example 1
Computing the Volume of a Liquid

FIG. 29 illustrates a typical output from a system monitor-
ing the fluidic channel where a volume of liquid is passed. In
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FIG. 29, the horizontal axis is time (each data point is 10
milliseconds (ms)) and the vertical axis is the analog sensor
outputinvolts. There is a 130 mV difference between the high
(representing AIR in the system) and the low (representing
LIQUID) in the system. There is a 110 mV difference
between the low (representing LIQUID) and the high (after
data point 342, representing WET). The noise level on the
signal is about 47 mV, which is low enough to enable clear
distinction of air and liquid in the channels.

A sensor output was used to compute the volume of the
liquid, by computing the time that the liquid was present and
multiplying by the pump’s flow rate during the fluid motion.
Also, the fact that there were no interruptions in the “low”
signal (e.g., remains low, does not go up to the 0.6 V level)
indicated that there were no air bubbles in the fluid volume. In
this example above, air and liquid boundaries happened
twice, one at about time point=81 and the other at about 318
(in this example where the flow rate was 10 pl/sec, liquid
volume deleted was then 318-81=237 data points where each
was 10 ms, making the total volume detected 23.7 pl.

Example 2
Detecting Leaks in a Fluidic System

FIG. 30A illustrates an example of a sequence of opera-
tions to detect leaks in the fluidic system. On a disposable
cartridge where the patient sample was divided into aliquots
of equal amounts each was processed independently in a
multiple test cartridge (a cartridge that can run multiple tests
with the same patient’s sample). Sample Vs was aspirated
into the channel, via the probe at the probe entry site 716. The
sample volume was aspirated through a probe at the probe
entry site 716 sealed to a septum 350, into the desired channel.
The software reset a timer (10) and commanded the pump to
aspirate at a fixed flow rate (Fr) while monitoring the optical
sensor’s output until an air to liquid boundary was detected
(FIG. 30B), as soon as it was detected the firmware made a
copy of the current timer (T1).

The pump continued aspirating the sample, and as soon as
a liquid to air transition was detected, the software made the
copy of the timer (T2), after which the pump was stopped
(FIG. 30C, depicting that sample passed the sensor and
enabled volume measurement).

The following are examples of calculations that were used
to determine clogs, leaks and/or verification and when desired
correction of volumes.

Vx=(T1-TO)*Fr will be compared to Va, Vx>Va will indi-
cate a leak. If Vx>>Va may indicate a clog in between pump
and the probe.

Vy=(T2-T1)*Fr will be compared to Vs to verity the accu-
racy of the aliquot.

Example 3

Detecting Cartridges Stored at Different
Temperatures and Applying Different Incubation Set
Temperatures for Cartridges Stored at Different
Temperatures

Cartridges stored at two different temperatures were dif-
ferentiated by monitoring the temperature at a temperature
sensor and evaluating the temperature loss over the first 30
seconds of cartridge processing. FIG. 47 is a graphical rep-
resentation of the temperature monitored at a temperature
sensor for two different cartridges stored at two different
temperatures. When cartridges at two different storage con-
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ditions are detected, the instrument can apply different
parameter values for the incubation.

Table 4 below shows a scenario when different incubation
set temperatures were applied for the cartridges stored at two
different storage temperatures. Table 4 below shows the set
temperatures used for this example.

TABLE 4

Incubation Temperature Set Points

Test No. For 15° C. Cartridge For 32° C. Cartridge
A 40.5° C. 40.5° C.
B 40.5° C. 39°C.

Notice that, for Test A, both cartridges stored at 15° C. and
32° C. were incubated at the same incubator temperature set
point. For Test B, cartridges stored at 15° C. and 32° C. were
incubated at different incubator temperature set points. The
chart below shows the differences in the incubation quality
(average temperature during the incubation) between the car-
tridge stored at 15° C. and the cartridge stored at 32° C. for
each sample for Test A and Test B. Note that this particular
cartridge in this example had 7 samples available. The difter-
ence in the incubation quality shown in the chart below is the
difference in average temperatures during incubation
between the cartridge stored at 15° C. and the cartridge stored
at 32° C. The lower difference in the incubation quality was
desirable; the sample should be incubated identically inde-
pendent from the cartridge’s storage temperature.

FIG. 48 is a graphical representation illustrating the difter-
ence in the incubation quality with and without applying
different incubation set points. Without applying different
temperature set points for cartridges stored at different tem-
peratures, the difference in the incubation quality ranges
between 1.1° C. and 1.4° C. When applying different tem-
perature set points for cartridges stored at different tempera-
tures, the difference in the incubation quality ranges between
0°C.and 0.6° C.

Example 4

Applying Different Boost Durations for Cartridges
Stored at Different Temperatures

The example below shows a scenario when cartridges
stored at different temperatures were initially heated up for
different durations. The initial heating up process was defined
as boost in this example. Table 5 below shows different boost
durations used for this example. The boost used in this
example uses a 4° C. higher incubation temperature set point
(44.5° C.) than the normal incubation temperature set point
(40.5° C.) for 30 seconds or 330 seconds at the cartridge
location during the blood filtration operation.

TABLE §

Boost Duration

Test No. For 15° C. Cartridge For 32° C. Cartridge
A 30 sec 30 sec
B 30 sec 30 sec

Notice that, for Test A, both cartridges stored at 15° C. and
32° C. had the same boost duration. For Test B, cartridges
stored at 15° C. and 32° C. had different boost durations. The
chart below shows the differences in the incubation quality
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(average temperature during incubation) between the car-
tridge stored at 15° C. and the cartridge stored at 32° C. for
each sample for Test A and Test B. Note that this particular
cartridge in this example had 7 samples available. The difter-
ence in the incubation quality shown in the chart below is the
difference in average temperatures during incubation
between the cartridge stored at 15° C. and the cartridge stored
at 32° C. The lower difference in the incubation quality was
desirable; the sample should be incubated identically inde-
pendent from the cartridge’s storage temperature.

FIG. 49 is a graphical representation illustrating differ-
ences in incubation quality with and without additional boost
duration. Without applying different boost durations for car-
tridges stored at different temperatures, the difference in the
incubation quality ranges between 1.3° C. and 1.6° C. When
applying different boost durations for cartridges stored at
different temperatures, the difference in the incubation qual-
ity ranges between 0.4° C. and 0.6° C.

Example 5
Internal Standard (IS)
A standardized quantity of 24,038 fluorescent beads
yielded a fluorescent signal of 189,395. These fluorescent

beads were processed as an IS in two test trials, with the
following results in Table 6:

TABLE 6
Test #1 Test #2
Fluorescent signal 149,608 167,056
Number of beads 18,989 21,203
Bead Recovery 79.0% 88.2%

In a test where the predetermined cutoff point for Failsafe
mechanism is 85%, the run from test #2 did result in a PASS
condition, when run from test #12 resulted in a FAIL condi-
tion.

Example 6
Use of IS as Failsafe to Detect False Negative Result

A standardized quantity of fluorescent labeled beads was
added to assay reagents for a S-fluorouracil assay. The
reagents were incorporated onto a cartridge as part of a diag-
nostic system. Replicate measurements were made on a
sample, where the sample was a S5-fluorouracil standard at
2000 ng/mlL.. The fluorescence signal and ECL signal results
for four replicates are given in Table 7.

TABLE 7
Test Number ECL Fluorescence
1 91775 81771
2 58521 49400
3 81484 79203
4 99932 78649

With the exception of test number 2, the ECL signal dem-
onstrated consistent results, i.e. the precision was 10% CV for
the three replicates. The fluorescent signal also demonstrated
very consistent results, i.e. the precision was 2% CV for the
three replicates.

The fluorescence signal for test number 2 was low, i.e.
49400 or 36% decreased from the fluorescent mean. The
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corresponding ECL signal for test number 2 was falsely low,
i.e. 58521 or 38% decreased from the ECL mean. This indi-
cated that the IS was able to detect as false negative ECL
reading.

Example 7

ECL Detection of Assay

A prototype system was designed and built for evaluation.
The prototype system consisted of a Wellstat Alpha 1 POC
instrument with molded cartridges containing 5-FU specific
reagents such as assay compositions. Example assay compo-
sitions may include a biomarker that can attach to a targeted
analyte. For example, 5-Fluorouracil (5-FU)is widely used in
cancer patients to treat tumors including, but not limited to,
colorectal, head and neck, stomach and breast carcinomas.
5-FU is most often administered systemically, but is also
applied topically to treat some forms of pre-cancerous and
cancerous skin disorders. In the case of 5-FU overdoses, a
reagent with a biomarker specifically designed to attach to
5-FU may be provided. Further discussion of the biomarker
for 5-FU may be found in PCT Application No. PCT/US12/
67353, which is hereby incorporated in its entirety by refer-
ence.

The system was evaluated for detecting 5-FU in plasma
and whole blood. The evaluation consisted of measuring the
following characteristics (or metrics) commonly assessed in
diagnostic assays: Assay Dynamic Range, Analytical Sensi-
tivity (LDL), Accuracy and Assay Precision, Spiked Recov-
ery in the Whole Blood, and Carryover.

A. Assay Dynamic Range—Analytical Sensitivity

Assay Dynamic Range and Analytical Sensitivity (LDL)
was determined by running four (4) calibrators (known
amount of 5-FU) with values of 0.0, 25, 1,000, and 10,000
ng/mL in plasma. They were run in 3 replicates.

Based on a standard curve generated from running the
above mentioned calibrators, the 5-FU assay LDL was deter-
mined to be 3.96 and the dynamic range was determined to be
3.96-10,000 ng/mL.. This means that the system is be able to
measure any concentration in the above mentioned range.
B. Accuracy and Assay Precision

Accuracy was assessed by using three (3) test samples
(delipidated/defibrinated human plasma) spiked at three (3)
different concentrations (100, 2,000, and 8,000 ng/ml.) of
5-FU. Each sample was be analyzed in ten (10) replicates.

Precision measured for the three concentrations ranged
from 3.3% to 14%. The accuracy of measured concentrations
ranged from 7%-27%.

C. Spiked Recovery in Blood

Whole human blood (30 mL per 5-FU concentration) was
spiked with 5-FU at three (3) different concentrations (50,
1,000, and 4,000 ng/ml.). To ensure complete mixing of the
spiked 5-FU in the blood, the vacutainer containing blood was
mixed by inversion on a rotator for five (5) minutes at room
temperature. The spiked blood was analyzed within two (2)
hours of spiking.

The % recovery for the 1000 & 4000 ng/ml were calculated
to be 85 and 89% respectively.

D. Carryover

Analyte carry over was evaluated by measuring a high
concentration sample (10,000 ng/ml. 5-FU) in a cartridge
followed by a low concentration sample (0.0 ng/mL 5-FU) in
a cartridge. This was tested a total of five (5) times in a single
day.

Signal carry over was evaluated by measuring a low con-
centration sample (0.0 ng/ml. 5-FU) in a cartridge followed
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by a high concentration sample (10,000 ng/mL 5-FU) in a
cartridge. This was tested a total of five (5) times in a single
day.

Results indicated that there was no analyte carryover based
on the fact that Cal 1 5-FU concentration values remained at
or near 0 for all five samples. No signal carryover was evident
based on Cal 4 concentrations at 100+6% of the expected
10000 ng/ml. concentration. Significant analyte carryover
would result in a reduction of ECL counts with Cal 1, which
in actuality had a 3.5% increase in ECL counts over the
Calibrator 1 controls. Significant signal carryover would
resultin an increase of ECL counts with Cal 4, while the assay
results show a 7% decrease from the Calibrator 4 controls.

Example 8
Measurement of Backlash

Currently pump backlash can be measured by isolating the
chamber (from the inlet and outlet ports) and moving the
piston to aspirate and dispense at a constant velocity while
capturing pressure data. The amount of distance that the
motor is in motion while the pressure is not changing directly
translates to the pump backlash at that location.

Firmware compensates for this backlash by moving the
pump linear motor an additional distance (equal to the mea-
sured backlash) when the piston is commanded to move in the
opposite direction from its last displacement. It is desirable to
have an independent verification of this functionality. For this
reason, a test was devised to verify proper operation by mea-
suring the mass of the displaced liquid and infer to the vol-
ume.

A pump with a built-in valve had inlet and outlet ports. The
pump had a chamber that can hold 400 pl of liquid. The pump
could be connected to either the inlet port or to the outlet port
by a command. The pump could aspirate (draw liquid in) or
dispense (push liquid out) to either one of the ports that it was
connected. The piston position that was fully dispensed
(meaning it had O pl in its chamber) was considered the home
position for the pump.

An analytical balance was used to weigh the liquid. Pump
storage liquid was used as the liquid to pump and measure,
because its evaporation rate was lower than water and it would
reduce the weight measurement error. A container partially
filled with pump storage fluid was placed on the balance, and
tubing which connected to the pump inlet port was suspended
in the liquid such that the tube was not in contact with any wall
of the container.

The pump was thoroughly flushed to remove all air from
the system. The piston flat was positioned toward the inlet
port (meaning the pump was fluidically connected to the inlet
port which was connected to the tubing that was connected to
the pump storage liquid in the container on the analytical
balance). The piston was homed (fully dispensed), then aspi-
rated 110 pl, then dispensed 10 pl at 10 pl/s. This moved the
piston’s position 100 ul. from home, with the last direction
being dispense and the last velocity being 10 pL./s. The bal-
ance is tared and the pump was commanded to dispense 10 pl
at 10 pl/s. The change in weight was recorded. Since the last
piston direction before the test, was dispense (same as the test
direction), the change in volume measured after the dispense
stroke was expected to be 10 puL regardless of the backlash.
This measurement was therefore called the dispense control.
This measurement was 10.3 pl.

The balance was tared again, the piston was aspirated by 10
uL (forcing the direction change), and the change in weight
was again recorded. This procedure was executed with the
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backlash compensation disabled and also executed when the
backlash compensation was enabled.

For the aspirate direction, the change in volume was
expected to be (10 pL—backlash) with backlash compensa-
tion disabled and 10 pL. with it enabled. 6.6 pl was measured
when backlash was not compensated and 9.9 ul was measured
when backlash was compensated.

The balance was tared again, the piston was again aspirated
by 10 pul (with no direction change), and the change in weight
was again recorded. Since the last piston direction before the
test, was aspirate (same as the test direction), the change in
volume measured after the aspirate stroke was expected to be
10 uL regardless of the backlash. This measurement was
therefore called the aspirate control. This measurement was
9.9 ul.

The balance was tared again, this time the piston was
dispensed by 10 uL. (forcing the direction change from aspi-
rate to dispense), and the change in weight was again
recorded. This procedure was executed with backlash com-
pensation disabled and also executed when the backlash com-
pensation was enabled. For the dispense direction, the change
in volume was expected to be (10 pL.—backlash) with back-
lash compensation disabled and 10 pL. with it enabled. 7.0 ul
was measured when backlash was not compensated and 10.0
ul was measured when backlash was compensated.

The density of the pump storage liquid sample was mea-
sured to be 1.039 g/ml.. This value was used to convert the
measured weight into volume. The pump under test was
1_350194_008. Before running the verification, the back-
lash was measured using the pressure method in 4 trials. The
results were [3.3 ul,, 3.2 ul,, 3.1 uL, 3.1 uL.]. Based on these
four measurements, backlash was determined to be 3.2 pl..

Table 8 below provides the change in volume (in pl) as
measured by the analytical balance for both dispense and
aspirate strokes of the test. Since the backlash was 3.2 uL, it
was expected that the change in volume for the aspirate stroke
would be 6.8 uL. with backlash compensation disabled. 7.6 ul,
was actually measured, which is within the allowed measure-
ment error. For the dispense stroke with backlash compensa-
tion enabled, it was expected that the change in volume would
be 10 uL. and it was actually 10 pL,

TABLE 8

Control Measurement when there is no direction changing

Measured Volume (ul) Aspirate 10 ul Dispense 10 pl

No Direction Change 9.6 9.9

TABLE 9

Test Measurement when there is direction changing
with and without backlash compensation

Measured Volume (ul)

Aspirate 10 pl after dispense _ Dispense 10 ul after aspirate

backlash not backlash backlash not backlash

compensated compensated compensated compensated
Direction 6.6 9.9 7.0 10.0
Change

Based on this test run, the displacement error in the aspirate
direction improved from 34% to 1%. In the dispense direction
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the displacement error improved from 30% to 0%. Thus,
when applying the backlash correction, accuracy was
improved.

Example 9

Real-Time Backlash Measurement and
Compensation

A test was completed to illustrate how pump backlash
could be measured and compensated for as part of the normal
operation of the pump. If the pressure at the pump chamber
was stable at the start of a displacement operation, and there
was sufficient fluidic resistance between the active pump port
and atmosphere, a pressure change occurred when the piston
motion began. The pump motor distance traveled before this
pressure change was detected was the amount of backlash.

A length of 0.040" tubing was partially filled with water,
which provided resistance such that a pressure change
occurred when the piston moved. The pump chamber was air
filled. The piston was moved to 100 uL. from home and rotated
to the inlet port. The last direction of the pump motion was
aspirate. 5 seconds of pressure data was captured at 100
samples per second. Negative velocity represented the dis-
pense direction, and positive velocity corresponded to the
aspirate direction.

During the 5 second cycle, the event timeline was as fol-
lows.

At t=1 s, the pump motor was started in the dispense
direction at 10 pl/s.

At t=1.3 s, the pump piston started to move. This was
detected by the slope of the pressure signal going positive.
Because the piston did not move for 0.3 s while the pump
motor was moving, the backlash was determined to be (0.3
s)(10 ul./s)=3 uL.

Because it was desired to displace a total volume of 10 uL,,
the pump motor continued to move at 10 pl./s from t=1.3 s to
=2.3s.

At t=2.3 s the pump motor stopped. At this point the pump
motor had moved 13 pl. and the piston had dispensed 10 pL.

From t=2.3 s to t=3.3 s the pump was idle, allowing the
pressure to stabilize.

At t=3.3 s, the pump motor started moving in the aspirate
direction at 10 pl/s.

At 1=3.6 s, the pump piston started to move. This was
detected by the slope of the pressure signal going negative.
Because the piston did not move for 0.3 s while the pump
motor was moving, the backlash was again determined to be
(0.3 $)(10 ul./s)=3 ulL.

Because it was desired to displace a total volume of 10 uL,,
the pump motor continued to move at 10 pl./s from t=3.6 s to
=4.6s.

At t=4.6 s the pump motor stopped. At this point the pump
motor had moved 13 pL. and the piston had aspirated 10 pL.
Table 10 summarizes the pump linear motor travel distance

and actual piston travel for the dispense and aspirate cases in
the above operation.
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TABLE 10 TABLE 11
Distance and displacement for pump operation at direction Backlash compensation
change with real-time backlash measurement enabled in firmware (L) Disabled Enabled
Dispense 10 ul after aspirate Aspriate 10 pl after dispense 5 Avol dispense (uL) 9.6 9.3
Avol aspirate (L) -6.6 -9.9

Pump motor Piston Pump motor Piston
distance displacement distance displacement
13 pL 10 L 13 ul 10 L

Currently pump backlash is measured by isolating the
chamber and moving the piston back and forth at a constant
velocity which capturing pressure data. The amount of time
that the motor is in motion while the pressure is not changing
directly translates to the pump backlash at that location.

Firmware compensates for this backlash by moving the
pump linear motor an additional distance (equal to the back-
lash) when the piston is commanded to move in the opposite
direction as its last displacement. The correct operation of this
compensation mechanism can be verified by confirming
using the same pressure method that the backlash is near zero
once compensation is enabled. It is desirable however to have
an independent verification of this functionality. For this rea-
son, a test was devised to verify proper operation by measur-
ing the mass of the displaced liquid.

An analytical balance was used to weigh the liquid. Pump
storage fluid was used because its evaporation rate is lower
than water. A container partially filled with Pump storage
fluid was placed on the balance, and tubing which connects to
the pump waste port was suspended in the liquid such that the
tube was not in contact with any wall of the container.

The pump was thoroughly flushed to remove all air from
the system. The piston flat was positioned toward the waste
port. The piston was moved to the position 100 uL. from home,
with the last direction being dispense and the last velocity
being 10 pl/s. Subsequent motion was at 10 pl./s, which was
the velocity at which the backlash was measured using the
pressure method.

The balance was tared, the piston was dispensed 10 ul, and
the change in weight was recorded. The balance was tared
again, the piston was aspirated by 10 pl, and the change in
weight was again recorded. This procedure was executed with
backlash compensation disabled and enabled.

Since the last piston direction before the test was dispense,
the change in volume measured after the dispense stroke was
expected to be 10 plL regardless of the backlash. For the
aspirate direction, the change in volume was expected to be
(10 pL—backlash) with backlash compensation disabled and
10 uL. with it enabled.

The density of the pump storage fluid sample was mea-
sured to be 1.039 g/ml.. This value was used to convert the
measured weight into volume. The pump under test was
1350194 008. Before running the verification, the back-
lash was measured using the pressure method in 4 trials. The
results were [3.3 ul,, 3.2 ul,, 3.1 uL, 3.1 uL.]. Based on these
four measurements, backlash was determined to be 3.2 pl..

Table 11 below provides the change in volume (in pL.) as
measured by the analytical balance for both dispense and
aspirate strokes of the test. Since the backlash was 3.2 uL, it
was expected that the change in volume for the aspirate stroke
would be 6.8 uL. with backlash compensation disabled. 6.6 pul,
was actually measured, which is within the allowed measure-
ment error. For the aspirate stroke with backlash compensa-
tion enabled, it was expected that the change in volume would
be 10 uL. and it was actually 9.9 ul, which was also within the
allowed measurement error.
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Based on this test run, the displacement error in the aspirate
direction improved from -34% to —1%. Thus, when applying
the backlash correction, accuracy was improved. Without
backlash correction the pump aspirated 6.6 ul when it was
desired to aspirate 10 ul. With the backlash correction applied
the pump aspirated 9.9 pl, which is an improvement.

Example 9
Pump Storage Fluid

To prepare a pump for storage it is flushed with a pump
storage fluid. The following example demonstrates how
flushing is accomplished. An example of a routine procedure
for preparing a pump (IVEK Linear B size pump module mfg.
part #032106-7007) for storage is to first draw air into the
pump to remove working fluid (such as aqueous solution with
surfactant, amines, salts, and buffer components). Significant
working fluid remains in the pump as dead volume is approxi-
mately 75 pL in this example. Pump storage fluid, composed
0130% diethylene glycol in water, is then drawn into pump so
as to exchange with the residual working fluid. Significant
quantities of salts from the working fluid remain inside the
pump due to its dead volume. The operation must draw (1
mL) in sufficient pump storage fluid to get enough lubricant
into the gap between the piston and cylinder. Lastly, the pump
is flushed with air to remove the pump storage fluid. A sig-
nificant amount of pump storage fluid, and specifically dieth-
ylene glycol lubricant remains inside the pump’s piston cyl-
inder gap. The preparation for storage operation takes 45
seconds. The quantity of lubricant is sufficient to protect the
pump for at least six months at 30° C.

What is claimed is:
1. A method of performing a diagnostic test in a diagnostic
system, comprising:
introducing a sample into a cartridge of the diagnostic
system, the cartridge comprising:
structural members;
abody and a cover, wherein the body and the cover mate
together;
at least one reagent handling station formed from the
body;
aseptum seal between the body and the cover configured
to establish a liquid and air-tight seal for the at least
one reagent handling station and capable of establish-
ing a fluidic connection with at least one probe of a
diagnostic instrument in the diagnostic system;
a bottom seal adjacent to the body;
at least one fluidic channel formed from the body and
sealed by the bottom seal, wherein the bottom seal
defines in part the volume of the at least one fluidic
channel; and
a mounting apparatus for mounting a sample container
to the cartridge, the mounting apparatus comprising:
a framework comprising at least one of the structural
members of the cartridge; and
at least one needle capable of establishing a fluidic
connection between the cartridge and the sample
container when the at least one needle pierces a
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septum of the sample container, wherein the frame-
work is configured to guide the sample container
into a position such that the sample container is
capable of being fixed at an angle ranging from
about 45° to about 5° from a horizontal axis of the
cartridge;

introducing the cartridge of the diagnostic system into the

diagnostic instrument of the diagnostic system, the diag-

nostic instrument comprising:

a non-electrochemiluminescence (ECL) detection sys-
tem;

the atleast one probe further comprising a first probe and
a waste probe;

the first probe fluidically connected to the non-ECL
detection system by at least one fluidic tube;

an ECL detection system fluidically connected to the
non-ECL detection system by the at least one fluidic
tube;

a pump fluidically connected to the ECL detection sys-
tem by at least one fluidic tube and fluidically con-
nected to the waste probe by at least one fluidic tube;

mixing the sample with at least one reagent to form a

detectable complex, wherein the at least one reagent is

stored on the cartridge;

analyzing the detectable complex with the ECL detection

system of the diagnostic instrument; and

providing detection results through a user interface on the

diagnostic instrument.

2. The method of claim 1, further comprising:

incubating with an incubator in the diagnostic instrument

the sample-reagent mixture capable of forming the

detectable complex within the cartridge.

3. The method of claim 1, further comprising:

washing the sample-reagent mixture capable of forming

the detectable complex to obtain the detectable complex.

4. The method of claim 1, wherein the at least one reagent
comprises a lyophilized pellet.

5. The method of claim 1, wherein the at least one reagent
comprises at least one of a bead, a lyophilized pellet, a buffer,
or a detectable label.

6. The method of claim 1, wherein the at least one fluidic
channel comprises a sample reservoir, a primary channel, a
secondary channel, and at least one receiver channel.

7. The method of claim 6, further comprising dividing the
sample within the cartridge, the dividing comprising:

drawing a first volume of the sample from the sample

reservoir of the cartridge into the primary channel of the
cartridge;

detecting with an optical sensor of the diagnostic instru-

ment when the primary channel is filled with a first

predetermined volume;

emptying any remaining sample from the sample reservoir

not used to fill the primary channel into the secondary

channel by detecting with the optical sensor of the diag-
nostic instrument a liquid air boundary;

drawing a second volume of the sample from the primary

channel into the at least one receiver channel;

detecting with an optical sensor of the diagnostic instru-
ment when the at least one receiver channel is filled with

a second predetermined volume; and

repeating the process until each of the at least one receiver

channels holds the second predetermined volume of the

sample, wherein each of the steps performed are inde-
pendent of pump accuracy.

8. The method of claim 7, wherein the sample reservoir has
a volume which is greater than or equal to the total aliquot
volume.
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9. The method of claim 7, wherein the sample reservoir has
a volume chosen from about 125 ul to about 135 pL., about
135 pL to about 150 pL, about 150 uL. to about 175 pl, and
about 175 pL to about 200 uL.

10. The method of claim 7, wherein the sample reservoir
has a volume of about 200 L.

11. The method of claim 7, wherein the primary channel
has a volume less than the sample reservoir.

12. The method of claim 7, wherein the primary channel
has a volume chosen from about 125 ul. to about 135 ulL,
about 135 ul to about 150 uL., about 150 uL. to about 175 ul,
and about 175 pL to less than about 200 ulL..

13. The method of claim 7, wherein the primary channel
has a volume of about 150 L.

14. The method of claim 7, wherein the secondary channel
has a volume less than the sample reservoir.

15. The method of claim 7, wherein the secondary channel
has a volume chosen from about 125 ul. to about 135 ulL,
about 135 ul to about 150 uL., about 150 uL. to about 175 ul,
and about 175 pL to less than about 200 ulL..

16. The method of claim 7, wherein the secondary channel
has a volume of about 150 L.

17. The method of claim 7, wherein the secondary channel
has a volume greater than the difference in volume between
the sample reservoir and the primary channel volumes.

18. The method of claim 7, wherein each of the primary
channel, the secondary channel and the receiver channels is
fluidically connected to a pump of a diagnostic instrument
using a probe pierced through a septum seal.

19. The method of claim 1, wherein the at least one reagent
comprises an assay reagent and a lyophilized reagent.

20. The method of claim 19, wherein the mixing step
comprises:

drawing the sample within the at least one fluidic channel;

detecting an air liquid transition of the sample using an

optical sensor of the diagnostic system, wherein the at
least one fluidic channel is fluidically connected to the
pump of the diagnostic system;

drawing the sample into a first well containing the assay

reagent, wherein the first well is fluidically connected to
the pump of the diagnostic system;

wetting in a mixing well the lyophilized reagent with the

sample to form a sample mixture within the mixing well
of the cartridge; and

mixing the sample mixture with the assay reagent to form

atesting sample in a testing sample well of the cartridge.

21. The method of claim 20, wherein the mixing further
comprises back and forth motions of the pump of the diag-
nostic system.

22. The method of claim 21, wherein the back and forth
motion of the pump produces a flow of the sample mixture of
greater than 5 microliters per second.

23. The method of claim 20, wherein the testing sample is
substantially free of foam.

24. The method of claim 20, further comprising moving the
testing sample in the cartridge into an incubation zone in the
diagnostic system.

25. The method of claim 20, further comprising:

moving the testing sample in the cartridge into an incuba-

tion zone in the diagnostic system; and

incubating the testing sample in the cartridge at a tempera-

ture greater than 1° C. and for a period of time greater
than one second.

26. The method of claim 20, further comprising:

moving the testing sample in the cartridge into an incuba-

tion zone in the diagnostic system using the pump; and
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sensing an air liquid boundary using the optical sensor of

the diagnostic system.

27. The method of claim 20, further comprising:

providing the testing sample to the diagnostic instrument to

be analyzed, the providing step comprising:

moving the testing sample from the testing sample well
to a third well of the cartridge;

introducing the at least one probe of the diagnostic sys-
tem into the third well of the cartridge; and

moving the testing sample into the diagnostic instrument
of the diagnostic system using the at least one probe.

28. The method of claim 27, wherein introducing the at
least one probe comprises piercing the septum seal of the
cartridge using the at least one probe.

29. The method of claim 27, wherein the providing step is
repeated one or more times corresponding to the number of
testing sample wells when there are two or more testing
sample wells.

30. The method of claim 20, wherein each of the steps
performed in the method are independent of pump accuracy.

31. The method of claim 20, wherein drawing the sample
comprises metering the sample using a metering device.

32. The method of claim 20, further comprising:

filtering plasma out of blood, wherein the plasma is the

sample before drawing the sample within the at least one
fluidic channel.

33. The method of claim 20, further comprising:

measuring the volume of the testing sample within the at

least one fluidic channel using the pump of the diagnos-
tic system; and

detecting a first air liquid transition and a second liquid air

transition using the optical sensor of the diagnostic sys-
tem.

34. The method of claim 20, further comprising a washing
step after the mixing step.

35. The method of claim 1, further comprising incubating
the sample-reagent mixture within the cartridge, the incubat-
ing comprising:

in a first zone of an incubator, measuring with a first sensor

a starting temperature of a portion of the cartridge con-
taining the sample and the at least one reagent, wherein
the cartridge is shorter in length than the length of the
incubator and the portion of the cartridge only contacts
the first zone of the incubator;

comparing the starting temperature of the portion of the

cartridge to a first target temperature;

heating with a first heater the portion of the cartridge to the

first target temperature;

maintaining the first target temperature of a portion of the

cartridge using a closed loop control for a period of time;
and

in a second zone of the incubator, measuring with a second

sensor a starting temperature of a second portion of the
cartridge containing the sample and at least one reagent,
wherein the second portion of the cartridge only contacts
the second zone of the incubator;

comparing the starting temperature of the second portion

of the cartridge to a second target temperature;
heating with a second heater the second portion of the
cartridge to the second target temperature; and

maintaining the target temperature of the second portion of
the cartridge using a second closed loop control for a
period of time.

36. The method of claim 1, further comprising washing the
sample-reagent mixture to obtain the detectable complex, the
washing comprising:
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drawing the sample-reagent mixture containing a detect-
able complex into the at least one fluidic channel using
the pump of the diagnostic instrument, wherein the at
least one fluidic channel is fluidically connected to the
pump;

detecting an air liquid transition of the sample-reagent

mixture using the optical sensor of the diagnostic instru-
ment;

contacting a magnet to a portion of the at least one fluidic

channel configured to capture the detectable complex
from the sample-reagent mixture at the portion of the at
least one fluidic channel;

separating with the magnet the detectable complex from

the sample-reagent mixture; and

washing away the sample-reagent mixture from the cap-

tured detectable complex.

37. The method of claim 36, the at least one fluidic channel
comprising at least one difference in a cross sectional area
between the at least one fluidic channel and the at least one
reagent handling station.

38. The method claim of 37, wherein the at least one
difference in the cross sectional area ranges from about
0.0016 in® to about 0.0011 in?.

39. The method of claim 36, further comprising:

aspirating a wash liquid pack from the at least one probe

fluidically connected to the pump of the diagnostic sys-
tem, wherein the wash liquid pack comprises segments
ofliquid buffer and air, and wherein the wash liquid pack
comprises cleaning qualities;

dispensing the wash liquid pack over the portion of the at

least one fluidic channel with captured beads contacted
by the magnet; and

removing the magnet from the portion of the at least one

fluidic channel.
40. The method of claim 39, wherein the wash liquid pack
volume is less than 100 microliters.
41. The method of claim 39, wherein the wash liquid pack
comprises a liquid-and-air combination.
42. The method of claim 39, wherein the wash liquid pack
comprises alternating liquid segments and air segments
within the at least one fluidic channel of the cartridge.
43. The method of claim 39, wherein the at least one
portion of fluidic channel comprises a bead capture zone.
44. The method of claim 43, wherein the detectable com-
plexes make up greater than 99% of the volume within the
bead capture zone after washing.
45. The method of claim 1, further comprising analyzing
with a non-ECL detection system, the analyzing with a non-
ECL detection system comprising:
illuminating the detectable complex flowing through a
closed fluidic pathway of the diagnostic instrument,
wherein the detectable complex comprises a known
amount of fluorescent beads and ECL beads;

measuring fluorescence from the fluorescent beads; and

processing the measured fluorescence signal to calculate
ECL bead recovery by comparing the measured fluores-
cence signal to a fluorescence signal from a standardized
quantity of fluorescent beads.

46. The diagnostic system of claim 45, further comprising
an assay composition comprising a mixture of at least one of
a fluorescent labeled bead and at least one of an electrochemi-
luminescence (ECL) labeled bead.

47. The assay composition of claim 46, wherein beads can
be both fluorescently labeled and ECL labeled.

48. The method of claim 1, wherein the providing detection
results comprises:
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converting the data from the analysis of the detectable
complex into a user-friendly format; and

outputting the data through a user interface of the diagnos-
tic instrument.

49. The method of claim 1, further comprising: extracting

blood from the sample container, comprising:

positioning the sample container containing the sample on
the cartridge, the at least one needle of the cartridge
comprising:
at least two needles to establish a fluidic connection

between the cartridge and sample container when the
at least two needles pierce a septum of the sample
container, wherein the framework guides the sample
container into position such that the sample container
is atan angle ranging from about less than 45° to about
5° from the horizontal; and

introducing gas into one of the at least two needles causing
a displacement of the blood by the gas, wherein the
displaced blood flows from the sample container
through a second of the at least two needles.

50. The method of claim 49, wherein the second of the at
least two needles is in fluidic communication with a filtration
module.

51. The method of claim 49, wherein the second of the at
least two needles is in fluidic communication with a filtration
module, a fluidic channel, and a sample reservoir, where an
optical sensor of the diagnostic instrument detects an air
liquid boundary when the sample reservoir is filled.

52. The method of claim 1, wherein the ECL detection
system comprises:

an ECL detection module comprising:
anenclosure having a top and a base, wherein the surface

of the base is flat and capable of forming a working
surface, and the top is attached to the base capable of
forming the bottom of the enclosure thereby forming
a cavity having a height;

a first electrode; a second electrode; and a first gasket,
wherein the first electrode and the second electrode
are stacked and separated by the first gasket, wherein
the base supports the first electrode, and wherein the
first gasket has a compressible thickness that is
capable of creating a predetermined separation gap
between the first and second electrodes;

atransparent window formed out of the second electrode
to facilitate ECL detection; and

aprinted circuit board, wherein the printed circuit board is
positioned next to the base ofthe ECL detection module,
electrically connecting components within the ECL
detection system.

53. The method of claim 1, the diagnostic instrument fur-

ther comprising:

a motion assembly having two axes configured to fluidi-
cally connect to the first probe and the waste probe ofthe
diagnostic instrument.

54. The method of claim 1, wherein the non-ECL detection

system comprises:
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an apparatus for measuring bead recovery, comprising:
a housing;
the at least one fluidic tube located within the housing in
fluidic communication with the ECL detection sys-
tem;
a fluorescence excitation source; and
a fluorescence light detector, wherein the fluorescence
excitation source is capable of emitting light such that
the light reflects off of or is transmitted by the detect-
able complex flowing through the at least one fluidic
tube in the housing,
wherein the detectable complex passes through a closed
fluidic pathway originating in the cartridge to a closed
fluidic pathway of the diagnostic instrument and back
to the cartridge, such that substantially all of the fluid
is collected in the cartridge, and
wherein the fluorescence light detector is capable of
measuring the amount of light reflected off of or trans-
mitted by the detectable complex in the fluid to deter-
mine whether an acceptable level of the detectable
complex is present in the fluid indicating a positive
detectable complex recovery measurement.
55. A method of performing a diagnostic test in a diagnos-
tic system having a closed fluidic pathway, comprising:
introducing a sample into a cartridge of the diagnostic
system, the cartridge comprising:
at least one needle;
at least one reservoir;
at least one fluidic seal; and
at least one fluidic channel,
introducing the cartridge into a diagnostic instrument of
the diagnostic system, the diagnostic instrument com-
prising:
at least two probes;
a diagnostic fluidic pathway;
a non-electrochemiluminescence (ECL) detection sys-
tem;
an ECL detection system fluidically connected to the
non-ECL detection system; and
a pump, wherein the closed fluidic pathway of the diag-
nostic system comprises the diagnostic fluidic path-
way of the diagnostic instrument and the at least one
fluidic channel of the cartridge and begins at the at
least one needle of the cartridge, passes through the
diagnostic instrument, and ends at the at least one
reservoir of the cartridge, and is capable of providing
fluid from the cartridge to the diagnostic instrument;
mixing the sample with at least one reagent to form a
detectable complex, wherein the at least one reagent is
stored on the cartridge;
analyzing the detectable complex with the ECL detection
system of the diagnostic instrument; and
providing detection results through a user interface on the
diagnostic instrument.
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